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impact strength is consistent up to 1200° F. wrought product. 


Curmet Processing Adds 


MECHANICAL PROPERTIES OF CHROME-MOLY STEEL to Alloy Performance 


Room Temperature -Tronsverse Direction 


This is one of many out- 
standing achievements in met- 
als from the Curmet plants 
and laboratories. As the fron- 
tiers of metallurgy advance 
under the pressure of more 
critical operating conditions, 
Curmet processing utilizes 
skills and knowledge, based 
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with high performance metals, 
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Sunoco unlocks 
the octane handcuffs 


Sunoco’s new Custom-Blending lets you design and build 
tomorrow’s engines knowing you'll get the fuel to feed ’em. 


How many times have you heard of 
engine designers being hamstrung by 
the octane barrier—not enough octane 
for the design in mind? 

Even built-in mechanical octanes 
can’t do the job. The simple truth is 
that up ’til now, engine designers have 
had to wait for better fuels before 
they could build tomorrow’s engines. 

Now — in one sweeping, spectacular 
development, Sunoco gives new free- 
dom to engine designers. Sunoco’s new 
Custom-Blending system assures the 
engine designer that for more advanced 
engines, Sunoco will be ready with the 


CUSTOM -GLENDEL, 


right octane at the right price. 

Today, Sunoco’s Custom-Blending 
pump accurately fits octane to engine 
in any car. It delivers six different gas- 
olines...six different octane strengths. 

And, even more important, this 
totally new gasoline system stands 
ready to welcome tomorrow with open 
arms. Sunoco Custom-Blending pro- 
vides an economical way of meeting 
fuel requirements of the future, no 
matter what they may be. 

Considering the designs of tomor- 
row, remember that Sun Oil Company 
is ready for tomorrow right now! 


©1958, SUN OIL COMPANY 
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Iron-Aluminum Base Alloys — Cheap 
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gram adopted by Martin Co., Nuclear 
Division; Fe-Cr-Al alloy compared with 
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erties of Pyroceram Code 9606 and 
9608; automotive and aircraft applica- 
tions and directions of future develop- 
ment. See also Engineering Index 1957 
p. 482, under Glass. 
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on quality and ruggedness of parts de- 
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oughness of maintenance; recommen- 
dations include use of LP gas fuel, Stel- 
lite faced valves and seats, etc.; future 
trends. 

Engines for Refrigeration, L. 8S. 
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petroleum gas and natural gas; require- 
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ular reference to valves; ignition, oil 


contrel, and carburetion as most com- 
mon causes affecting engine dependa- 
bility; recommendations for diesel en- 
gines. 


Mobile Refrigeration, M. 8. SUTTON. 


Paper No, 58D presented June 8-13, 
1958. Methods of mechanical refriger- 
ation divided into two classifications, 
those used on straight truck bodies and 
those used on large semitrailers; units 
dependent upon vehicle prime mover 
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semitrailers are equipped with units 
powered directly or indirectly by own 
engines, and fueled by gasoline, LPG 
or diesel oil; advantages of self pow- 
ered units; specs of ideal engine. 
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Work, G. E. KELM. Paper No. 58E 
presented June 8-13, 1958. Experience 
made at American Telephone & Tele- 
graph with use of portable air cooled 
engine equipped tools, and small en- 
gines, mounted on trucks, or part of 
power tools; latter group is employed 
to utilize labor aiding equipment; ex- 
amples of units such as 3'2-kw air 
cooled self contained generator plant; 
portal centrifugal pump, etc.; need for 
greater reliability and lower mainte- 
nance cost stressed; use of propane 
fuel; service and maintenance. 
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HOFFMAN, Jr. Paper No. 58F pre- 
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mands made on motor carrier industry; 
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program undertaken by Truck-Trailer 
Manufacturers Assn and U. S. Dept. of 
Agriculture to establish testing rating 
refrigeration capabilities of trailer; 
factors affecting performance and eco- 
nomic efficiency; comments made by 
motor carriers engaged in transporting 
perishable commodities on performance 
and design of existing units. 

New Look at High Compression En- 
gines, D. F. CARIS, E. E. NELSON. 
Paper No. 61A presented June 8-13, 
1958. To determine effect that large 
increases in compression ratio have on 
thermal efficiency, production V-8 en- 
gines with modified combustion cham- 
bers were used in standard tests, part 
throttle, full throttle, and special tests; 
comparison of logarithmic pressure- 
volume diagrams; results show that 
thermal efficiency of engines peaks at 
compression ratio of 17:1 and further 
increases result in decrease in thermal 
efficiency. 

Starting and Stopping Modern En- 


gines— New Combustion Problems, 
Vv. F. MASSA. Paper No. 61B presented 
June 8-13, 1958. Investigation of com- 
bustion at low engine speeds, created 
by high levels of compression ratio in 
current passenger cars; three main ir- 
regularities are hot starting noise, hot 
cranking difficulty and after-running; 
step-wise regression procedure as ap- 
plied to starting knock in lab engine. 


Thudding in High Compression Ratio 
Engines, W. E. MORRIS, D. C. FARISS. 
Paper No. 61C presented June 8-13, 
1958. Definition of three types of ab- 
normal combustion, such as spark 
knock, wild ping, and rumble; another 
low pitched noise observed in 1958 en- 
gines during high speed is thud, ob- 
tained in absence of surface ignition; 
experiments carried out with test cars 
equipped with engines modified to 12:1 
compression ratio to determine charac- 
teristics of thud and how it is affected 
by fuel consumption. 
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WARREN, C. A. HALL. Paper No. 61D 
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different from knock and accompanied 
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ble: tendency to form rumble-produc- 
ing deposits and tendency to be ignited 
by hot deposits; use of phosphorus fuel 
additives to reduce rumble. 
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Control, J. L. BAME, R. C. TUELL. 
Paper No. 61G presented June 8-13, 
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with pounding or rumble, observed in 
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pounding is form cf combustion shock 
arising from too rapid burning of 
charge as result of secondary flame 
fronts introduced by deposit ignition: 
incorporation of tricresyl phosphate 
as means for controlling pounding. 

Small Car for American Market, R. F. 
JENSON. Paper No. S96 presented 
Jan. 27, 1958. (Detroit Sec). Ameri- 
can Motors Corp.’s approach in design- 
ing car and various development phases 
from Rambler Nash 1950 model to 1958 
Rambler American, designed specifi- 
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factor, and short distance driving; ad- 
ditional concepts integrated; investiga- 
tion of various phases of development 
of small car which represents American 
viewpoint. 

Determining Wear in Automotive En- 
gines, R. L. PONTIOUS. Paper No. 
$103 presented Mar. 11, 1958. (Chicago 
Sec). Need for better motor oils neces- 
sitates development of better wear tests 
for predicting lubricant performance; 
conventional physical and radioactive 
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X-ray photo shows a typical use of Du Pont TEFLON TFE resins as seals in hydraulic power cylinder 


Here’s why seals of TFE-fluorocarbon resins may be your solution 


Seals of TFE-fluorocarbon resins give 
outstanding protection against leakage; 
they reduce maintenance costs, improve 
SAFETY and RELIABILITY. The rea- 
sons are many— 

TFE resins are among the most chemi- 
cally inert materials known to science. 
They are rated for continuous use at tem- 
peratures from -450°F. to 500°F. and 
have the lowest coefficient of static fric- 
tion of any solid substance known, 

The low surface friction of seals of 
TFE resins makes for reduced torque 
and easy operation. As in the hydraulic 
cylinder shown above, these seals reduce 


86. u. 5. pat. ort 


oil leakage, will not stick or freeze, re- 
quire no adjustment and are shearproof. 
Seals of TFE resins are available in all 
basic designs and configurations. 
Discover how vou can improve auto- 
motive products and production with 
seals of Du Pont TFE-fluorocarbon 
resins. For product and design infor- 
mation see your local supplier. Look 
for him under “Plastics—Du Pont”, in 
the Yellow Pages or write to: E. I. 
du Pont de Nemours & Co. (Inc.), 
Room SA2524, Nemours Building, Wil- 
mington 98, Delaware. 
inCanada: Du Pont Company of Canada (1956) 
Limited, P.O. Box 660, Montreal, Quebec, 


TEFLON’ 


TFE-FLUOROCARBON RESINS 


BETTER THINGS FOR BETTER LIVING... THROUGH CHEMISTRY 
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PISTON RINGS of a filled TFE resin in con- 
trol cylinder help throttle a fiery jet engine. 
Rings operate without lubrication . . . handle 
corrosive hydraulic fluids at 350°F. and 3000 
psi for over 300 hours without wear. 


Ter.on is Du Pont’s registered trademark for its 
fluorocarbon resins, including the TFE 
(tetrafluoroethylene) resins discussed herein. 





Loggers 


weight-lifter’” tests bearing staminal 


Tossing around logs 6 feet in diameter like toothpicks is no job for 
a softie! This machine has to be built for it right from the start— 
right down to the bearings. And that goes, too, for the trucks which 
haul these back-breaking giants over the most rugged terrain. Bower 
tapered and straight roller bearings have been engineered for just 
such work as this—to last longer, perform better under any road 
or load condition. Painstaking quality control plus basic bearing 
design refinements—like those shown at left—have reduced Bower 
Bearing failure to a practical minimum. Whatever your product, 
if it uses bearings, specify Bower! There’s a complete line of 


TWO-LIP RACE tapered, straight and journal roller bearings for every field of 
INCREASES RIGIDITY 


Two parallel shoulders made integral 

with the outer race, as shown in gray 

above, increase rigidity and durability 

—keep rollers in proper alignment. Pre- 

cision-ground rollers and races give BOWER ROLLER BEARING DIVISION 

quieter, smoother operation. FEDERAL-MOGUL-BOWER BEARINGS, INC. ¢ DETROIT 14, MICHIGAN 


Oo BOW ER wes. 
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Bead and Sidewall Troubles 
costing you extra? 


Look at the Rim 


before you blame the Tire 


Heavy Goodyear 
Old-Fashioned Lightweight 
Rim Carbon Steel 
Rim 


Note how narrow base forces First and only proved light- 
beads together, causing ex- weight carbon steel rim. Tire 
cessive sidewall flex. Result: rolls on a broader base, with 
tire trouble. less flexing, less heat. Proved in 

8 years of constant road use. 


It’s a fact that when it comes to tire troubles, the 
rim is often more at fault than the tire. One example: 
A narrow base rim can force the beads close together 
so the sidewalls flex excessively. 


But as the picture shows, Goodyear Wide Base Rims 
are specifically made to eliminate that problem. On 
these rims, tires roll on a greater volume of air, to 
reduce such common causes of tire failure as tread 
cracking, tread wear, ply separation —as well as 
sidewall and bead failure. 


In fact, experience proves that these scientifically 
engineered rims make possible up to 30% more 
service from every tire. 


What’s more, Goodyear Wide Base Rims are far 
lighter than old-style rims—enabling you to reduce 
your unsprung weight. This can mean a pay-load 
increase of as much as 100 pounds. 


Let the Goodyear Rim Engineer give you the whole 
story on these modern rims, and what they can do to 
lower your tire costs. See your local distributor or 
write: Goodyear, Metal Products Division, Akron 


16, Ohio. 
eS 


Watch “'Goodyeor Theote 
every other Monday 9.30 P.M.. E DT 


More tons are carried 
on Goodyear Rims 
Buy and = than on any other kind 


METAL PRODUCTS DIVISION 
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Why ACADIA 


senna GGas 


SYNTHETIC 
RUBBER SEALS 


can save you money in 
STATIC or MOVING 
seal applications 


This seal will save 

you money with no 

performance sacri- 

| fice. Minimum 

| tooling cost, no Acadia Synthetic Rubber 
molds, no costly Parts are of the highest qual- 
sea ce be ity components, processed for 
95” LD. oil resistance, good aging pro- 
perties, resistance to heat. They 
can be furnished in any dimension 
or special compound you desire to 
precision tolerances. They are another 
example of Acadia’s ability to SAVE 


ACADIA _- 1 sted X YOU MORE..SERVE YOU BETTER. 
CL ? 
oy 


MOLDED LATHE-CUT 
O-RING SEAL SEAL 


“ pRODUCTS There’s an Acadia Sales engineer near 


you to serve you. Write us today, and 
DIVISION OF WESTERN FELT WORKS, Dept. $ 1] h . ° h ° 
4021-4139 West Ogden Avenue, Chicago 23, Illinois we put im in touch with you 
immediately. 


—— Oh 
cS 1. 
in Cites 
|| Yellow Poae'| - -_ 


‘ 
i} 

| 

| : a 
Se) 


Bench Offices 


eRe ss wea Be Be ee ee ee ee, ee 
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NATIONAL OIL SEAL LOGBOOK 


Use of O-rings as moving seal 
in heavy duty bulldozer control valve 


1,500 psi variation without backup rings. Inter- 
mittent operation plus long periods of inactivity. 
Extreme external dust and dirt conditions. Irregular 
and unpredictable field servicing. Fluid oil tempera- 
tures reaching 180°F. Climatic temperature extremes 
from —30° to +120°F. Life expectancy is required 
to be that of the tractor. 

Above are the rugged operating conditions faced and 
met by National industrial O-rings in the new Be-Ge 
Model SU-1200F bulldozer blade control valve. A 
total of four rings are employed in each unit; two in a 
moving shaft application and two as static seals. 


Syntech oil seals, developed by and offered 
exclusively by National, are widely used syn- 
thetic rubber seals for ca where 
temperatures reach 250° F. 


as .030. Basic 50,000 series Syntech (illus- 

trated) ——— a tough, accurately manufac- 

tured steel outer case, precision-tensioned 

spring and accurately molded and trimmed 
Syntech® Oil Seals Syntech sealing lip. 


, speeds reach 3,600 "Ha 
FP. A, and total indicator runout is as high | ; 


Be-Ge reports no leakage or ring failure on hundreds 
of heavy duty applications involving Oliver, Cat- 
erpillar, International Harvester and other crawler 
tractor installations. 


National offers a complete line of industrial O-rings, 
plus many exclusive compounds. Special compound- 
ing is also available to meet unusual conditions. 


For complete information on National O-Rings, or 
for skilled O-ring engineering service, call your near- 
est National Seal engineer. In major cities nation- 
wide. See the Yellow Pages, under “Oil Seals”. 


Micro-torc oil seals, ae by National, are 
sturdy, dependable leather seals. Special elas- 
tomer coating on surface of chrome re-tanned 
leather sealing lip prevents seepage of oil. Yet 
inner body of sealing lip retains natural poros- 
ity to “store” lubricant against accidental peri- 
ods of starvation. Inherent lubricity of elas- 
tomer coating ae gee —_ a torque, longer 
, economical oil le ina 


Micro-Tore Oil Seals Wide variety of types cone = 


NATIONAL SEAL 


Division, Federal-Mogul-Bower Bearings, Inc. 


General Offices: Redwood City, California 


Plants: Van Wert, Ohio, Redwood City 
and Downey, California 
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Another new product from 
Rockwell-Standard: 


HYDRA-DRIVES 
POWER SHIFT TRANSMISSIONS 


A torque converter...and 4 speed transmission in one compact package! 


Hydra-Drives Power Shift Transmissions put more The Transmission and Axle Division of Rockwell- 
power to work... smoothly... efficiently... econom- Standard specializes in drive components only, and 
ically. Proved in hundreds of vehicles for three years, does not compete with manufacturers of end prod- 
these units assure top work output of heavy-duty ucts. Take advantage of 50 years’ experience in the 
equipment. Engine lugging and heavy shock loads are manufacturing of power transmission components, 
eliminated. A 3 to 1 torque multiplication makes start- specify Rockwell-Standard. 

ing fast and effortless—even with heaviest loads. 

Simple to operate, too, a flip of the operator’s lever 
accomplishes power shifts within each range and TO 
without any interruption of the power flow. Auto- E Te 
matic features of the converter and ease of power Pag / , DRIVES 
shifting simplifies operator training and lengthens QQ) 
vehicle life. 

With four speeds forward and reverse, the Hydra- 
Drives Power Shift Transmission is ideally suited for 
vehicles which must travel in both directions during 
anormal work cycle. Rated at 550 ft. Ibs. input torque, . 
they can be used with a wide range of internal com- 2 
bustion engines up to 250 H. P. 


ROCKWELL-STANDARD CORPORATION 


© 1958, R-S Corp. 


Products of ROCKWELL-STANDARD Corporation 
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How to be practical— 
without clipping the wings of new ideas 


New Goodyear cushioning concept ends 
old no-can-do—adds new R-O-O-M 
for comfort and sales! 


The best forward-thinking in anybody’s 
designing room can be stifled by conventional 
cushioning materials and methods. 


But that doesn’t happen where AIRFOAM is 
recognized as a basic designing aid. When 
you start with the astounding versatility of 
AIRFOAM in mind, you start with a new 
medium of space engineering that can make 
the “impossible” simple routine. Yes — and 
also eliminates bulky components — gains 
invaluable room—and all with added comfort. 


When you work closely with AIRFOAM Devel- 
opment Engineers, your designers design — 
and our people point out proved ways to 
make dream seats come true. Yes—and often 
invent NEW ways. 

This Goodyear service has worked in impor- 
tant places. We’d like to show you how we 
do it. Simply contact Goodyear, Engineered 
Products Department, Akron 16, Ohio. 


Cress Section Compares Old and New Seat Construction” 
Solid areas show space saved by 


(Even though Airfoam seat is one inch 
lower — eye level remains the same.) 


Nant AIRFOAM y; 


Me Hale dtptly WAroaun 
Conprousnts, laced all the 
eerste “ee has iftaee 


tandone-— 
shat heaps” 


Shere atext . Practically 


with Arktonmn, all 
Chapta/ Cow be metceck Ruled AreKOAn 


Copether —-A 2 , aeada/ “ne a4 ms . 


Ges all. therr the Ao tht 
2tylang _ aud ArRefoAAl 
a bx cero sweehe tee 


Lit/ Tp eaterret yele earth, 
e Come fort aud practical y. 


MADE 
ONLY 
bY 


THE WORLD’S FINEST, Om _— MODERN CUSHIONING 
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There is no substitute for stainless steel 


No other material is as bright, strong and 
resistant to rust and wear as Stainless Steel. 

It gives every car the clean, exciting beauty that 
sells in the showroom and re-sells on the used car lot. 
Look for Stainless Steel on your new automobile. 


Specify McLouth high quality sheet and strip 
Stainless Steel. McLouth Steel Corporation, 
Detroit 17, Michigan. 


Mc LouTH STAINLESS STEEL 
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Naugatuck PARACRIL 0ZO 


Naugat 


Compared to the present leading competitive 
general-purpose oil-resistant, ozone-resistant 
rubber, Paracril® OZO vulcanizates show marked 
superiority in resistance to oil, fuel and weathering 
(ozone) and in color retention, abrasion resistance 
and low moisture absorption. In tensile strength, 
flame resistance and cost of complete compound, 
both are essentially the same. 

Thus Paracril OZO provides a unique com- 
bination of properties far in excess of ordinary 
nitrile rubber! 

But Paracril OZO is no ordinary nitrile rubber! 
It is a modified Paracril which incorporates the 
compounding discoveries of Naugatuck research 
chemists to which reference has been made in 
recent Paracril advertisements. The chief modifier 
is one of Naugatuck’s Marvinol® vinyl resins, and 


THE NEW OIL- AND OZONE- 


RESISTANT NITRILE RUBBER 


the product includes excellent stabilizers for both 
vinyl and rubber. 

Paracril OZO is supplied in the form of small, 
light-colored flakes, permitting easy handling and 
considerable flexibility in processing methods. 

A most important feature of Paracril OZO is 
that the vinyl resin in it is completely fluxed during 
its manufacture. This not only eliminates a difficult 
compounding procedure on the part of the user but 
also assures full development of the added prop- 
erties imparted by the vinyl modifier. 

Its unique properties particularly recommend 
Paracril OZO for wire jackets, shoe soles, coated 
fabrics, automotive parts, hose and belting jackets. 
Write for Bulletin No. 219 which contains com- 
pounding suggestions and interesting test data on 
Paracril OZO vulcanizates. 


Naugatuck Chemical 


940P Elm Street 


Division of United States Rubber Company Naugatuck, Connecticut 


Rubber Chemicals - Synthetic Rubber - Plastics - Agricultural Chemicals - Recisimed Rubber - latices - CANADA: Naugetuck Chemicals Division, Dominion Rubber Co.. Ltd. Elmira, Ontario - CABLE: Rubaxport. N.Y. 
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* — Quality in LP-GAS 
OE Installations 


begins here... 
GAS CARB 


and her. 
LP-G. 


and here 
LP-GAS 


“OEM means “Original Equipment Manufacturer.” It is When you put OEM quality into your LP-Gas 
bis responsibility to select engine components, carburetors, installations, you use equipment as pictured here, the 
etc., that will safeguard the reputation of his engines and to _ finest that money can produce. It is the same Ensign 
assure bis own customers the utmost in dependability, equipment used by Original Equipment Manufacturers 
economy and performance. Ensign has been Original Equip- for their tractors, trucks, power units, etc. 
ment on many of America’s leading gas engines for years. Examine these parts carefully. They are built of 

ruggedly designed bronze alloy castings, carefully 

For complete details of all Ensign LP-GAS equipment, '™achined to highest automotive standards. OEM engi- 
send for Catalog 108. neers have learned through many years that they can 

count on Ensign equipment not only for top per- 

formance during a laboratory or field test, but during 

ENMSIGKHG csrcurcor COMPANY the lifetime of their engines. You, too, may enjoy this 

excellent LP-Gas performance consistently year in and 
1551 E. Orangethorpe, Fullerton, California year out by specifying Ensign carburetion. Insist on 
Branch Factory: 2330 W. 58th Street, Chicago, Illinois Ensign. Accept nothing less! 
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ANOTHER EXAMPLE OF HOW CONTINUING RESEARCH KEEPS R/M FIRST IN FRICTION 


A few of the wide variety of shaped friction parts made by R/M 


How to tame a “fast-braking” friction curve 


When friction material problems throw 
you a bad curve, because of fade wear or 
noise, let R/M go to bat for you! 

No matter what the shape, size or 
application, you can rely on R/M for 
the soiution to your friction problem. 

To get greater performance and lower 
costs, machines and equipment often re- 
quire special shaped friction parts. In- 
dustrial presses, for example, require 
friction clutches in many shapes and 
sizes. 

Over the years, R/M has engineered 


and produced every conceivable shape 
and kind of friction material. Friction 
parts range from clutches, brake blocks, 
linings, and automatic transmission com- 
ponents to tiny friction members in 
aircraft. This experience can be yours. 

And you can always rely on com- 
pletely unbiased recommendations when 
you consult R/M. Because only R/M 
makes all types of friction materials. 

An R/M sales engineer can be at your 
desk within 24 hours to help you with 
any friction problem. 


Next time you're at bat, and friction 
throws you a bad curve, let R/M help 
you with the answer. Profit from our 
experience! 


Write now for your free 
copy of R/M Bulletin No, 
500. Its 44 pages are 
loaded with practical de- 
sign and engineering 
data on all R/M friction 
materials. 


RAYBESTOS-MANHATTAN, INC. 


EQUIPMENT SALES DIVISION: Bridgeport, Conn. + Chicago 31 + Cleveland 16 + Detroit 2 + Los Angeles 58 


RAYBESTOS-MANHATTAN, INC., Brake Linings « Brake Biocks « Ciutch Facings « Sintered Meta! Products 
industrial Adhesives « Mechanica! Packings « Asbestos Textiles « industrial Rubber e« Rubber Covered Equip- 
ment « Engineered Piastics « Abrasive and Diamond Wheels « Laundry Pads and Covers « Bowling Balis 


FIRST IN FRICTION 
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Common words today... 


oN RINGS 
MILLION VOLT X-RAY INSPECTION 
CENTRIFUGALLY CAST SLEEVES 
CENTRIFUSE BRAKE DRUMS 
SPECTROGRAPHIC ANALYSIS 


V-TYPE ENGINE BLOCKS 
CAST CRANKSHAPF'TS 


CAST CAMSHAF'TS 


but not in 1908... 


Through those 50 years, CWC pioneered the 
above advancements and dozens of others. To- 
day, they are common words among foundries 
and throughout industry—-CWC leads the way 
in casting science and production. 
Campbell, Wyant and Cannon 
e mcclaaie COMPANY a W C 
DIVISION OF TEXTRON INC. 


MUSKEGON, MICHIGAN founded in 1908 
SIX FOUNDRIES LOCATED IN MUSKEGON, LANSING AND SOUTH HAVEN, MICHIGAN . . . READY TO SERVE YOU! 


in better foundry methods 
...in wider use of castings 


That year, CWC poured its first castings. Hf YEARS OF PROGRESS 
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STRAIGHT TALK TO ENGINEERS 
from Donald W. Douglas, Jr. 


President, Douglas Aircraft Company 


I’ve been asked whether non-aeronautical engi- 
neers have good prospects for advancement in 
the aviation industry. 

The answer is yes, definitely ! At Douglas many 
of our top supervisory people have moved up from 
other engineering specialties. The complexity of 
modern aircraft and missiles requires the greatest 
variety of engineering skills known to industry. 

For example, we now have pressing needs for 
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mechanical, structural, electrical and electronics 
engineers in addition to aerodynamicists, physi- 
cists and mathematicians. Whatever your back- 
ground in the engineering profession may be, 
there are prime opportunities in the stimulating 
aircraft and missiles field. 
Please write to Mr. C. C. LaVene 
Douglas Aircraft Company, Box 620-0 
Santa Monica, California 
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Tooling and Production 


ENGINEERS 


Agree on 921-T 


Paul Plante of American Machine & Mfg. Co. 
leaves nothing unsaid in stating why Pioneer 
921-T Cast Aluminum Tooling Plate was 
adopted as the ideal material for fast pre- 
cision machining, with plus advantages of 
inherent stability and lighter weight than 
steel. Maybe you have a special produc- 

tion problem that can be solved by 
Pioneer 921-T. Write for case history 

bulletin. 


PIONEER 


ALUMINUM INC. 


Subsidiary of Morris P. Kirk & Son, Inc. 
Pacific Coast Unit of National Lead Company 
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Yours Truly, 


SPECIFY PIONEER 921-T AND ORDER FROM THESE METAL SUPPLIERS 


ALBUQUERQUE, N.M.: Morris Steel & Supply Co. LOUISVILLE, KY.: Reynolds Aluminum Supply Co. 
ATLANTA, GA.: Reynolds Aluminum Sule Co. MEMPHIS, TENN.: Reynolds Aluminum ly Co. 
BOSTON, MASS.: American Steel & Aluminum Corp. MIAMI, FLA.: Reynolds Aluminum Supply Co. 
Joseph T. Ryerson & Son, inc. Caulley Stee! and Supply Company 
BIRMINGHAM, ALA.: Reynolds Aluminum Supply Co. MILWAUKEE, WIS.: Joseph T. Ryerson & Son, Inc. 
BUFFALO, N.Y.: Joseph T. Ryerson & Son, Inc. MINEOLA, N.Y.: Pioneer Aluminum inc. 
CHICAGO, ILL.: Joseph T. Ryerson & Son, Inc. NASHVILLE, TENN.: Reynolds Aluminum Supply Co. 
Kasle Stee! and Aluminum OAKLAND, CALIF.: Earle M. Jorgensen Co. 
CLEVELAND, O.: Kasle Stee! & Aluminum ORLANDO, FLA.: Caulley Stee! and Supply Company 
DALLAS, TEX.: Vinson Stee! & Aluminum Co. RALEIGH, N.C.: Reynolds Aluminum Supply Co. 
DEARBORN, MICH.: Pioneer Aluminum Inc. RICHMOND, VA.: Reynolds Aluminum Supply Co. 
DENVER, COLO.: ABC Metals Corporation SAVANNAH, GA.: Reynolds Aluminum Supply Co. 
DETROI® MICH.: Kasle Stee! & Aluminum ST. LOUIS, MO.: Industrial Metals, Inc. 


5251 W. Imperial Hwy., Los Angeles 45, Calif. 


Phone: ORegon 8-5073 


EASTERN SALES OFFICE 
288 Old Country Road, Mineola, New York 


Phone: Ploneer 7-6171 


MIDWEST SALES OFFICE 
23439 Michigan Ave., Dearborn, Mich 


Phone: LOgan 3-2708 


SOUTHWEST SALES OFFICE 
P. O. Box 702, Dalias, Texas 
Phone: EMerson | -2971 


Meier Brass and Aluminum Co. 
FT. LAUDERDALE, FLA. : Caulley Steel and Supply Co. 
GRAND- RAPIDS, MICH.: Kasle Stee! & Aluminum 
HARTFORD, CONN.: American Steel & Aluminum Corp. 


HILLSIDE, N.J.: & 
HOUSTON, TEX.: V 
JERSEY CITY, N.J.: J 
KANSAS CITY, MO.: | 


omb Stee! & Aluminum Corp. 


Steel and Aluminum Co. 
h T. Ryerson & Son, Inc. 
rial Metals, Inc. 


LOS ANGELES, CALIF.: Braico Metals Co., Inc. 
Continental Metals Co., Inc. 


Earle M. Jorgensen Co. 
Teo! Components, inc. 


Joseph T. Ryerson & Son, Inc. 
SOUTH BEND, IND.: Kasle Stee! & Aluminum 
TULSA, OKLA.: Industrial Metals, Inc. 
UNION, N.J.: Mapes & Sprow! Stee! Co. 
WALLINGFORD, CONN.: Joseph T. Ryerson & Son, Inc. 
WICHITA, KAN.: Industrial Metals, Inc. 
SALES REPRESENTATIVES: 
Morris P. Kirk & Son, Inc. 
4050 Horton St., Emeryville 8, Calif. 
Also: Fresno, Calif.; Phoenix, Ariz.; Salt Lake City 
The Norwest C 


y 
330 Second Ave. West, Seattle 99, Wash. 


WORLD’S LARGEST DISTRIBUTOR OF AIRCRAFT EXTRUSIONS / MORE THAN 2,500,000 POUNDS IN- OVER 7,000 SHAPES 
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NEW AiResearch steering 
control systeny 


Combines 
Acceleration Switching 
Valves And Hydraulic Specifications 
“Printed Circuit"’ Actuator load (range) 90 to 150 in. lbs. 


More reliable and responsive...this and leakage. Electrical input (nominal) . . . . .28 volts 
lightweight electro-hydraulic steering The acceleration switching servo DC—10 Milliamperes 
control system converts low-level elec- valves provide positive control of spool Pressure range... .. . .500 to 3000 psi 
tronic signals from the main guidance _ velocity, thereby achieving greater reso- Rated flow... . ...4 to 2 gpm 
system into hydraulic energy which lution, reliability and response even at Mounting Manifold 
actuates the mechanisms steering the extreme temperatures. External leakage..............None 
missile. Easily installed and removed as a com- Proof Pressure.............4500 pei 
Packaged as an integrated unit, the plete, interchangeable unit, acceptance iil Maina: * 7500 psi 
three servo valves and six control actu- testing of this compact system can be Tenpetature operating range 
ators are mounted on acommon manifold accomplished prior to missile installa- Fluid 65°F to 450°F 
and powered by fluid or hot gases. The tion. Suggested applications are: missile ‘Aediend 65°F to 750°F 
simplified “printed circuit” system of surface controls, jetavator controls, and 2 
integral passageways within the mani- vector and nozzle steering controls. Your 
fold eliminates all external plumbing inquiries are invited. 


System filtration. .........10 microns 


ENGINEERING REPRESENTATIVES: AIRSUPPLY AND AERO ENGINEERING, OFFICES IN MAJOR CITIES 


AiResearch Manufacturing Divisions 


Los Angeles 45, California « Phoenix, Arizona 


Systems, Packages and Components for: AIRCRAFT, MISSILE, ELECTRONIC, NUCLEAR AND INDUSTRIAL APPLICATIONS 
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INDUCTALLOY 


AXLE SHAFTS 


Eaton Inductalloy Axle Shafts, hardened by the Eaton induction 


hardening process which produces an extremely hard case that 
extends deep into the material structure, are able to handle more 
pounds of torque without fatigue failure. The result is extra thou- 
sands of trouble-free miles added to axle life, more vehicle time 
on the road—less in the shop, and reduced maintenance expense. 

The superiority of Eaton Inductalloy Shafts is performance INDUCTALLOY 


EATON 


proven by millions of miles of heavy duty operation. — 


More than Two Million 
Eaton Axles in Trucks 
Today 


ORDINARY 
AXLE 


SHAFT 
Yo 


————- AXLE DIVISION —————_——- 
MANUFACTURING COMPANY 
CLEVELAND, OHIO 


PRODUCTS: Engine Valves * Tappets * Hydraulic Valve Lifters * Valve Seat Inserts * Jet Engine Parts * Hydraulic Pumps 
Motor Truck Axles * Permanent Mold Gray Iron Castings * Forgings * Heater-Defroster Units * Automotive Air Conditioners 
Fastening Devices « Cold Drawn Steel * Stampings * Gears * Leaf and Coil Springs * Dynamatic Drives, Brakes, Dynamometers 
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For the Sake of Argument 


“What” and “How”... 


WHAT to do is the easiest part of most business 
problems. It’s like the above-water peak of an iceberg. Everybody 
knows a project can’t start until WHAT is clearly seen. 


HOW is the larger, harder part; the part submerged 
below the surface. For one project that fails because it wasn’t visual- 
ized correctly, ten bog down from slipshod, lackadaisical, or mediocre 
execution. 


One reason is that supervisors tend to turn away once 
a program is worked out; once procedures are detailed. Result: the 
project loses the initiative, zest, and imagination which brought it to 
the starting line. More than occasionally, these qualities are its life 
blood. They are just as necessary to a brilliant performance as to the 
writing of the script. 


A real executive, some feel, never executes anything. 
He just plans and instructs and makes decisions. He is justly proud of 
the wisdom, imagination, and ability to synthesize which enable him to 
make the right decisions. But too often he doesn’t sustain their appli- 
cation once a project is “in the works.” Too often, he is satisfed to leave 
it at the starting line — and have someone else carry on alone. The 
situation illustrated below is a bit exaggerated, but most of us have felt 
like the chap on the right at least once in our careers. 


Lack of top-supervisor follow-through is but one of a 
hundred factors which foster mediocre execution of brilliant designs. 


But it is one factor. 





FOUR-WHEEL 
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DUO-SERVO* 
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CERAMETALIX* BRAKE 
| LININGS AND eBay marety © : 
a CLUTCH FACINGS i Wee edi Fe Mie ke S 


Each of these key Bendix developments has had an important influence 
on the course of automotive design. New Bendix developments now in 
process demonstrate continuing foresight into the needs of the automotive 
industry. Let us consult with you now on problems relating to your future. 


*REG U.S. PAT. OFF 


Bendix sivision South Bend, IND. 





NOMINEES FOR 1959 SAE NATIONAL OFFICERS 


President 


Leonard Raymond 


Chief Automotive Engineer —- Research, 
Socony Mobil Oil Co., Inc 


TN. ok a Ae 


sia aot eee ca Rn ance st B. B. Bachman 


Director of Engineering, 
Autocar Div., White Motor Co 


Councilors — Term of 1959-60 
H. E. Chesebrough 


Vice-President, Chrysler Cort 
and General Manager 
Plymouth Div 


T. R. Thoren 
Staff Director, Engineering, 
Research and Development, 
Thompson Products, Inc 


R. C. Wallace 
Director of Engineering, 
Diamond T Motor Truck Div., 
White Motor Co 


Vice-Presidents Representing Professional Activities: 


Air Transport G. Walker Gilmer, I! 
Engineer, Aviation Dept., Arabian American Oi! Co., 
Inc 


Aircraft 
Direct 


Inc 


r of Market Development, Solar Aircraft Co., 


Aircraft Powerplant E. J. Manganiello 
Assistant Director, National Advisory Committee for 
Aeronautics 


Body 
Chief B 


wee SE Pee 
dy Engineer, Engineering Div., Chrysler Corp 


Diesel Engine oe ceceessss RR. Robinson 
Assistant Director of Research, Caterpillar Tractor 
Co 


Engineering Materials ................ C. F. Nixon 
Head, Electrochemistry Dept., Research Laboratories, 
General Motors Corp 


Fuels and Lubricants Lloyd Withrow 
Head, Fuels and Lubricants Dept., Research Labora- 
tories, General Motors Corp 


Passenger Car F. R. McFarland 
Executive Assistant Chief Engineer, Buick Motor 
Div., General Motors Corp 


Anderson Ashburn 
Managing Editor, American Machinist, McGraw-Hill 
Publishing Co 


Tractor and Farm Machinery ... F, P. Steiner 
Chief Engineer, Engine Applications, International 
Harvester Co 


Transportation and Maintenance . W. E. Thill 
Chief Engineer, Federal-Mogul Service Div., Federal- 
Mogul-Bower Bearings, Inc 


Truck and Bus 
Manager, Truck Chassis and Drive Train Engineer- 
ing, Ford Div., Ford Motor Co 


if elected, the above members will serve on the 1959 SAE Council 


Also serving on the 1959 Council will be: 


Councilors — Term of 1958-59 


J. H. Famme 
Works Manager — Plant 2, 
Convair Div., General 
Dynamics Corp 


Past-Presidents: W. Paul Eddy 


Chief, Engineering Operations 
Pratt and Whitney Aircraft Div., 


N. C. Penfold 
President, Automotive Research 
Associates, and Consultant to 
Southwest Research Institute 


“Leonard Raymond 


Chief Automotive Engineer — 
Research, Socony Mobil Oil 
Co., Inc 


William K. Creson 
Consulting Engineer 
Ross Gear and Tool Co.. Inc 


United Aircraft Corp. 
* If elected to the Presidency, replacement to be selected by the 1959 Council 
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chip 


Oo nae is the 


aero-medical term for 

the act of swallowing 
food or drink — and it will become 
more and more familiar to people 
involved with space vehicles be- 
cause getting food from container 
to stomach is quite a problem un- 
der conditions of weightlessness. 


RAKE FAILURES cause five 
B times as many truck acci- 

dents as the next most fre- 
quent mechanical failure. That’s 
what a recent I.C.C. accident re- 
port showed in a study of 1707 
truck mechanical failures. Most of 
the brake failure accidents, the 
L.C.C. data reveal, could have been 
prevented by adequate mainte- 
nance and inspection methods. 


Friendship is the unfold- 
ment of unity in the con- 
sciousness of two (or more) 
people. 


TACK THE 707 DRAWINGS 
4 and blueprints on a scale and 
they’d weigh about 250,000 lb 
—close to the weight of the big 


new Boeing transport. 


stations. Only 295 fires oc- 
curred in 56,404 service sta- 
tions operated by 156 representa- 
tive oil companies in 1956, accord- 
ing to reports submitted by the 
companies. Averaged out, this 
means that a fire would occur ata 
gasoline service station only once 
in about 190 years of operation. 
Considering fires per hundred 
buildings, twice as many fires occur 
in churches and five times as many 


F's: FIRES occur at gasoline 


in schools and colleges as in gaso- 
line stations. 

No doubt some of the credit for 
the good record at service stations 
is due the automotive engineers 
responsible for design, operation, 
and maintenance of equipment 
used to move the fuel into the 
gasoline station and from pump 
nozzle to the combustion chamber. 


It’s always more fun to 
grasp an opportunity than 
to exercise a right. 


NERTIA COUPLING, a term 
that has appeared frequently 
in SAE papers of the last year 

or two, is easy to understand the 
way Maj.-Gen. Joseph D. Caldara 
explains it: If a dumbbell is sus- 
pended at its center of gravity 
and spun so that the axis of spin 
is down the long axis, nothing 
happens. However, just touch one 
end to start a slight motion in 
another direction—and the dumb- 
bell will start to gyrate wildly 
along all three axes. 

A modern jet fighter has its 
weight concentrated in the fuse- 
lage, making it something like the 
dumbbell. The fighter has high 
inertia along the longitudinal axis 
with little weight in the low-as- 
pect-ratio wings. At high rates of 
roll, there is a slight change in 
angle of attack and yaw due to 
differential aileron action. So 
motion about one axis induces a 
resultant motion or coupling 
about the other two axes. 

There’s no trouble until the 
force exceeds the capability of the 
tail surfaces to restore the air- 
craft. But when that happens, 
the aircraft can go violently out 
of control. It’s a phenomenon 


Se from SAE meetings, members, 


that was noticed in early Century 
Series fighters, but it can be alle- 
viated by advanced aerodynamic 
design and careful piloting tech- 
niques. 


vehicle? The answer appears 

to be yes, but not very well at 
present. A typical trailer with 
roof area of 320 sq ft could supply 
an energy input of about 54.5 hp 
for propulsion (based upon 0.17 hp 
per sq ft average energy received 
from the sun at sea level between 
20 deg and 40 deg latitude). That 
would be just about enough energy 
to get the vehicle moving (and 
that’s assuming 100% conversion 
efficiency). 


Sk ENERGY CAN move a 


FOR VEHICLES? The 

shielding weight of a 250 hp 
reactor powerplant would be of 
the order of 90,000 lb. Minimum 
fuel cost is estimated to be $20,- 
000-30,000 per vehicle. 


A TOMIC POWERPLANTS 


A mediocre plan effec- 
tively executed brings bet- 
ter results than a brilliant 
plan poorly executed. 


EW POSTAGE RATES will 

increase the Society’s aver- 

age monthly stamp bill by 
$700. SAE sends out 20 bags of 
mail each business day, in addi- 
tion to the mailings of SAE Jour- 
nal, SAE Transactions, and SAE 
Handbook. That’s a total of about 
620,000 pieces in a year. 
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and committees 


NE PART PER 100 BIL- 
O LION — at times, that’s all 

the trace element needed to 
detect minute quantities of ele- 
ments in a sample by a method 
called activation analysis. It’s 
based on the fact that exposure of 
any element to a stream of neu- 
trons creates isotopes with dis- 
tinct and measurable radiation 
characteristics. Its use will per- 
mit quality control on a level 
never before reached in the manu- 
facturing and processing of metals, 
alloys, catalysts, and other prod- 
ucts where control of trace ele- 
ments in small quantities is 
necessary. 


ARNING TO THOSE IN 
CHARGE of new and 
polished laboratory fa- 
cilities — from Shell’s T. B. Ren- 


dell: “The art of testing consists 
in keeping our patience and in- 
venting new practical jokes to play 
on the engine .. . not in developing 
more complicated methods of 
measuring some particular fea- 
ture.” 

Herein lies the danger of these 
planned - perfection laboratories. 
They are too rigid. They don’t 
give the necessary flexibility at 
reasonable cost to enable us to 
play the correct practical joke on 
the engine which will make it in 
the end reveal the type of infor- 
mation we really want to know. 

“We spend too much of our 
limited brainpower and resources 
on the methods of measurement 
without giving due consideration 
to the really important inquiry: 
‘Why do we want to measure it 
in the first place?’. . . Submitting 
large numbers of engines to rigid 
systems of measurement of one or 


more performance factors using 
mass production techniques and 
sorting out the answers on elec- 
tronic computers is not the way to 
carry out satisfactory and worth- 
while research work on engine 
development.” 


We fail most frequently 
when we seek a goal by 
someone else’s path. 


graphical error for “tom- 

cat.” It is the abbrevia- 
tion for “zone of maximum change 
of temperature, the band between 
high-speed winds of the jet stream 
and surrounding winds outside of 
it,” our friends at Trans World 
Airlines tell us. 


oar OMCOT” is not a typo- 


ANNED AIRCRAFT VS. 
MISSILES was a topic seri- 
ously debated in SAE 

circles only a year or two ago. 

Now we’re talking about adding 
a man to a missile. Next step is 
to hang another missile on the 
manned missile to fire at a tar- 
get. The debate on manned air- 
craft versus missiles is apparently 
dying out like the old debates on 
4-wheel brakes versus better 2- 
wheel brakes. 


HINK YOU PAY A LOT for 
oil for your car? Synthetic 
lubricant for aircraft tur- 

bine engines costs $2a quart. Con- 
sidering their greater horsepower, 
the big turbine engines get pretty 
good mileage on oil; 8.4 gal of it 
will take a four-engine 575-mph 


‘ Boeing 707 from New York to Paris. 


EA FOR TURBINE engines 
may aid in relighting burners 
after flameouts. 

TEA, TEB, TMA and TBB (tri- 
ethyl aluminum, triethyl borane, 
trimethyl aluminum, and tributyl 
borane) are organo-metallic com- 
pounds which ignite spontane- 
ously in air, even in the low-den- 
sity air of high altitudes. Besides 
afterburners, these pyrophoric 
fuels may benefit ramjets by per- 
mitting the same amount of 
thrust to be taken from a much 
smaller, less complicated, lighter, 
and more reliable unit than with 
hydrocarbon fuels. 

A pyrophoric-fuel Mach 1.5 ram- 
jet costing about $600 to produce 
equals a petroleum unit costing 
$5000-10,000, R. A. Wells of Gulf 
recently told the Aviation Writers 
Association. The pyrophoric ram- 
jet is 24 in. long, 74% in. in diam- 
eter, and weighs 18 lb. The com- 
parable petroleum units are far 
longer and heavier and would have 
to include flame holders, an igni- 
tion system with harness, and 
much larger fuel tanks. 

Pyrophorics can apparently be 
produced in large volumes at rea- 
sonable prices. They do, however, 
present severe handling problems. 
TEA and TEB in contact with hu- 
man skin give immediate and deep 
scarring burns. TEA reacts with 
water and other hydrogen com- 
pounds, as well as air, and must 
always be kept in a dry and inert 
atmosphere. TEB does not react 
with water. TBB does not react 
even with air unless sprayed. But 
all are sufficiently reactive that 
leaks could not be tolerated. For 
this reason, plus the fact that they 
show poor lubricity in pumps, they 
may require prepackaging in pres- 
surized or bladder tanks. 


There’s always tomorrow. 
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[1 Compression Ratio 


Peak Efficiency for Gasoline 


Better efficiency at higher compression ratios is 
possible if late-burning problems are overcome. 


Based on paper by 


D. F. Caris and E. E. Nelson 


General Motors Corp 


HERMAL efficiency peaked at 17/1 compression 

ratio in seven 324 cu in., V-8 engines tested re- 
cently by GM engineers ... and the decrease in effi- 
ciency at higher compression ratios was shown to be 
due primarily to delay in completion of the combus- 
tion process. 

These were the chief results of a study aimed at 
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Thermal Efficiency Stays Fixed as Load Changes 


Tue compression ratio for maximum thermal efficiency is not greatly affected by engine load, the au- 
thors show in the paper from which this article is drawn. The reasons, suggests Prof. Jay A. Bolt, Uni- 
versity of Michigan, may lie partly in the fact that there is a near equality of maximum temperatures 
and that chemical dissociation is predominantly a function of temperature. 


In spark-ignition engines with essentially constant fuel /air ratio, Prof. Bolt points out, load does not 
greatly influence charge temperature up to the end of the compression stroke. Also, temperature rise 
due to combustion is independent of load. Thus, energy wasted by chemical dissociation will be near 
constant for part or full load at a given compression ratio. This may partially explain why the opti- 
mum compression ratio is quite independent of load. 


finding out how recent progress in both engine and 
fuel design may have affected the relationship be- 
tween compression ratio and engine efficiency. 

The results confirm the idea that substantial gains 
in thermal efficiency still can be gained by further 
increases in compression ratio... if petroleum tech- 
nology finds a way to produce economically the 
matching fuels. 

On the engines tested, the combustion chambers 
were formed by use of pot pistons and flat cylinder 
heads. Change in compression ratio was accom- 
plished by varying only the depth of the pot. Thus, 
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Gives 


Engines 


the quench area (around the flat portion of the pis- 
ton), the quench thickness (distance between the 
flat portion of the piston and the cylinder head), 
and the position of the pot remained constant for 
each engine. A quench thickness of about 0.060 in. 
was used in each of the test engines. 


Part- and Full- Throttle Tests Run 


Test engines were first given a normal dynamom- 
eter breakin. Part-throttle economy data were ob- 
tained by running fuel fishhooks at fixed manifold 
depressions. The minimum brake specific fuel con- 
sumption (bsfc) curves were obtained at each of the 
test speeds by drawing a curve tangent to the fuel 
fishhooks. Fuel used for the part-throttle tests was 
isooctane plus 3 ml of tetraethel lead per gal. En- 
gine speeds of 1200, 2000, and 2800 rpm were used. 
Full-throttle power and economy tests were con- 
ducted at 2000 rpm; power and economy data were 
taken from fuel fishhooks as in the part-throttle 
tests. Fuel was isooctane plus enough antiknock 
additives to permit spark adjustment to mbt without 
knock. Additives used were TEL and the new man- 
ganese compound AK-33X. A digital computer was 
used to process a large portion of the test data, a new 
computer program being established to process p-t 
data. This program converts p-t data to p-v data, 
and gives values to the work represented by the vari- 
ous loops of the p-v diagram. 

The maximum thermal efficiency at 17/1 compres- 
sion ratio (Fig. 1) was 39.3% ... which agrees sub- 
stantially with C. F. Kettering’s statement in 1947 
that: 


“In 1947, diesel engines are operating with 
a range of compression ratios between 14/1 
and 17/1, and with brake thermal efficien- 
cies as high as 38%.... If equivalent com- 
pression ratios can be used in spark-ignition 
engines, the same full-throttle brake ther- 
mal efficiencies should be obtained.” 


Relation between full-throttle power and com- 
pression ratio at 2000 rpm is shown in Fig. 2. This 
relationship follows the same general trend that was 
observed between thermal efficiency and compres- 
sion ratio. Volumetric efficiency was not a factor in 
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Fig. 1— Brake and indicated thermal efficiencies were determined at 
full throttle (2000 rpm) with ignition timing and air-fuel ratio adjusted 
for maximum economy. Curve of calculated thermal efficiency is in- 
cluded for comparison. Brake and indicated thermal efficiencies 
reached a maximum at a compression ratio of about 17/1. The calcu- 
lated curve continued to increase with compression ratio. 











Fig. 2— Corrected power and mean effective pressure at full throttle 
(2000 rpm). For these tests the ignition timing and air-fuel ratio were 
adjusted to give maximum power. Brake and indicated power peaked at 
a compression ratio of about 17/1. This relationship followed the same 
general trend that was observed between thermal efficiency and com- 
pression ratio. 
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Fig. 3 — Comparison of motoring friction and compression ratio at differ- 
ent engine speeds and throttle positions. 
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the decreasing power observed in the higher com- 
pression ratio engines. 

Values for optimum air-fuel ratios were not ap- 
preciably affected by changes in the compression 
ratio. 

The percent gain in brake horsepower and in ther- 
mal efficiency peaked at 17/1 and decreased at 
higher ratios. 

At part-throttle, the compression ratio which 
gave maximum brake thermal efficiency under 
constant power conditions was about 16/1. Friction 
was not the main factor which caused a reduction in 
thermal efficiency of higher compression ratio en- 
gines. Data obtained from p-t tests at manifold de- 
pression of 17 in. of Hg showed the loss in efficiency 
to be inherent in the combustion cycle. 

Other part-throttle indications included: 


@ The time required for combustion —as deter- 
mined by computing the difference in the crank 
angle degrees between start and end of combustion 
— is not significantly affected by load. 

@ The late burn tendency observed during this 
investigation was the major factor that caused re- 
duction in thermal efficiency at the higher compres- 
sion ratios. (These same tendencies were observed 
in the full-throttle tests.) 


Fig. 3 shows a comparison of motoring friction and 
compression ratio at different engine speeds and 
throttle positions. At the higher compression ratios 
—and also at the higher engine speeds, the full- 
throttle and part-throttle motoring friction curves 
intersect. 

Sound level produced by the various engines used 
in this study was substantially independent of com- 
pression ratio. This conclusion comes both from 
inability of personnel to detect noticeable changes in 
noise characteristics, and also from sound record- 
ings taken while the engines were being operated at 
2000 rpm, full throttle, and with ignition timing ad- 
justed to give maximum power. 

In the full-throttle testing, no major piston fail- 
ures occurred during normal operation. But, twice 
the piston in cylinder No. 1 failed at full throttle in 
the 20/1 compression ratio engine. The only other 
problem encountered was short spark-plug life. 

A major problem highlighted by this study was 
that of obtaining complete combustion in the top 
center region of “high” compression engines. No- 
body has a satisfactory answer right now. There are 
good arguments for and against each of several pos- 
sibilities which might be worth examining, such as: 

@ The combustion chamber might be designed to 
keep the mass distribution of the charge constant 
as compression ratio increases. 

@ The area-volume ratio of the combustion cham- 
ber might be kept constant as compression ratio in- 
creases — by using a larger stroke-bore ratio. 

In any case, substantial improvement in thermal 
efficiency of modern engines is still possible, this 
study indicates. Although, it seems clear, gains are 
approaching a point of diminishing returns. 

As in the past, further developments in engines 
and fuels will have to proceed in an orderly and 
evolutionary manner as permitted by the advancing 
technology of the times. 


To Order Paper No.61A .. . 
...0n which this article is based, turn to page 6. 


Lap Belts Need 


Certain specifications must be 


Based on paper by 


Col. John P. Stapp and Lt. D. L. Enfield 


United States Air Force 


F A LAP BELT is to restrain a passenger in a man- 

ner to prevent bodily injury and limit his decelera- 

tion curve to human tolerance level, many human 
and mechanical factors must be observed. 

This is the finding of studies in which instru- 
mented vehicles and anthropomorphic dummies were 
used in simulated collisions wherein the impact 
speeds and most frequent areas of contact in colli- 
sion were those obtained from accident statistics 
supplied by the Office of Ground Safety Headquar- 
ters, USAF, and the Automotive Crash Injury Re- 
search Department, Cornell University. 

The human factors found to be important were 
as follows: 


1. Primary restraint must be applied to the pelvis. 
2. Where appreciable restraint also must be ap- 
plied to the lower abdomen (obese passengers), a 
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Vehicle-Road 


... demands fresh study to determine 


Based on paper by 


Louis C. Lundstrom 


General Motors Corp 


IGHWAY hazards involve both the vehicle and 
the road and the relationship of both to the 
driver. These hazards may relate to: 


Geometric features of the road. 

Design speeds. 

Road surfaces as related to skid resistance. 
Vehicle acceleration. 

Constant speed conditions. 

Width of lanes and medians. 

Roadside hazards. 


Some people advocate building curves into the 
highways of the future to relieve monotony, but this 
must not be carried too far. If too many curves are 
included, safety problems will be created and roads 
become obsolete quickly. 

A speed of 70 mph is considered to be the top de- 
sign speed justifiable at the present time and for the 
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Sound Design 


met if safety is to mean maximum protection to car occupants. 


large, flexible webbing surface area is desirable. 

3. Adequate flexibility also is needed where the re- 
straint fits the pelvic crease. 

4. Webbing should cause minimum abrasion to the 
flesh and the buckle design should be as non-inju- 
rious as possible. 

5. Belts should be easy to apply and one-hand size 
adjustment and release mechanism is particularly 
desirable. 

As a result of these studies, the following mechan- 
ical factors are recommended: 

1. The restraint system should comprise a 3-in. 

wide webbing, a metal to metal buckle, and a mini- 
mum loop load strength of 8000 Ib. 
2. As far as possible, elastic stretch should be elimi- 
nated from the system. Webbing clamping points 
should not require more than 20-lb loop load to in- 
sure minimum slippage. This. will minimize non- 
force attenuating forward displacement. 

3. A drawing type or plastically deforming force 
attenuating device should be incorporated in a sys- 
tem to limit peak loading force. Force attenuation 
should start at about 3000-lb loop load, with a maxi- 
mum of 7500 Ib for full attenuation. 

4. Each restraint system should be designed for 


Relationship .. . 


one specific type of mounting, as for example, floor 
pan, frame, or seat. This should be clearly specified 
for the consumer. 

5. Pending further study, the existing 45-lb buckle 
release specification should be continued. 

Modifications also should be made in car interiors 
if maximum safety is to be achieved. To this end 
the following recommendations are made: 

1. Mounting devices for a restraint system should 
be incorporated in the basic car design. 

2. If the steering wheel remains in use, it should 
present a broad surface area for impact. It should 
be designed to attenuate as much impact force as 
possible, regardless of direction of impact. No rear- 
ward travel of the wheel should occur during impact. 

3. The instrument panel should be eliminated 
where possible, or it should be minimized and 
padded. Particular attention should be directed 
toward deformability of metal before it is padded. 

4. The upright portion of the front seat should be 
lowered and padded. 

5. All interior accessories should be mounted on 
the right and left sides of the car, wherever possible. 

To Order Paper No.62A .. . 
..-0n which this article is based, turn to page 6. 
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designs for maximum safety. Our current best must anticipate future needs. 


foreseeable future. Efforts will be directed to rais- 
ing average speeds. Millions of test miles, driven at 
speeds up to and exceeding 90 mph on the General 
Motors Proving Ground test track without scratch- 
ing a fender, show the readiness of modern vehicles 
and modern roads for higher speed operation. But, 
the average driver may not be ready for it. 

Stopping distances used in design criteria are con- 
servative. This is wise because drivers seldom use 
anywhere near the maximum capacity of their 
brakes. In the interests of emergency conditions, 
the brake distribution must compensate for the 
weight shift to obtain maximum, performance at 
each wheel position. And the added factor of coeffi- 
cient of friction between tire and road assumes ma- 
jor significance. 

All road surfaces show some difference between 
wet and dry conditions and more knowledge is 
needed about coefficients. Both road surfaces and 
tires can be improved. 

Experiments are being conducted with “awakening 
strips” near the edges of roads. These strips, having 
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a corrugated pattern to cause a rumble when tra- 
versed, would be cast into the surface at least two or 
three feet from the road edge. By this means it 
would be hoped to keep drivers from leaving the road 
on monotonous throughways. 

Lanes of 12 or 13 ft in width offer greater safety 
than narrower lanes. Where 15-ft lanes are used, 
drivers tend to divide two of them into three narrow 
10-ft lanes and so defeat the original purpose. 

Median strip width is highly controversial. A 36- 
ft median is the minimum recommended but some 
researchers find 50 ft much safer. An 80-ft spacing 
is used where possible on the New York Thru-Way. 

Removal of every conceivable hazard is important. 
To this end we can change roads to one-way systems, 
remove trees adjacent to the highways, move utility 
poles to safe distances or make them of light mate- 
rial to yield on impact, erect guard rails where ob- 
stacles cannot be eliminated, and get rid of roadside 
ditches and steep slopes. 

To Order Paper No. 66B .. . 
...0on which this article is based, turn to page 6. 
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Radial Draw Forming 


THE PRINCIPLE OF RADIAL DRAW 
FORMING PARTS TO CONTOUR 


THE EXTRUSION, SHEET, OR FORMED CROSS 
Qsecrion FOR THE PART IS HELD IN GRIPP’ 

JAWS MOUNTED ON THE ROTARY TABLE AND ON 
THE HYDRAULIC RAM FACE. PART MATERIAL IS 
STRETCHED END TO END BY THE RAM TENSION 
CYLINDER AT YIELD TENSION OF THE MATERIAL. 


< FE. ie, 


~ 


THE ROTARY TABLE OF THE MACHINE TURNS, 

SWEEPING THE TABLE MOUNTED DIE INTO THE 

STRETCHED MATERIAL, IMPARTING PROGRESS - 
IVELY, A LINE-AT-A-TIME THE CONTOUR CONFIG- 
URATIONS OF THE DIE TO THE STRETCHED MAT- 
ERIAL. 


7 tft YS a 
Ki 
~ 
We: sate ’ 


Me 


—~ 


THE SIDE COMPRESSION UNIT WIPES A FEMALE 
3 SHOE (OR ROLL) ACROSS THE OUTER SURFACES 

OF THE PART, PROGRESSIVELY ALONG TH 
PART CONTOUR AT THE SUCCESSIVE POINTS OF 
STRETCH BENDING--ASSISTING WITH THE CONTOUR 
BEND, CONFINING AND CONTROLLING OR ALTERING 
THE CROSS SECTION OF THE PART 


3-SEPARATE FORCES 

ARE EMPLOYED FORMING 
THE CONTOUR OF THE PART 
AND CONTROLLING CROSS 
SECTIONAL SHAPE THROUGH- 
OUT THE CONTOUR 


A. Forming Die B. Rotary Table C. Table Gri 
D. Wipe Shoe . € verse Ways 
G. Work Piece Ser 


Dtageamne above Siueieess Ea menele Baath Boasts 
top shows the held at 
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... New Technique Shapes Auto Parts 


Based on paper t 


L. A. Allison 


yril Bath ¢ 


ADIAL DRAW FORMING is fundamentally 
different from the metal forming meth- 
ods more commonly employed in the auto- 
motive industry in that metal is progres- 
sively formed as the die is rotated in a plane. 
Actual deformation of the metal takes 
place a line at a time rather than subjecting 
the entire metal piece to forming pressure at 
one instant. 
The sketch at the left shows the three 
major components used in this forming proc- 
ess: 


Rotating die holder. 
Hydraulic stretch cylinder. 
Compression wipe shoe. 


Some parts do not require the compression 
wipe shoe because of the type of material and 
the contour desired. 

In applying the forming process to auto- 
motive parts, the first requirement is to meet 
the usual hourly production rate of 300 
pieces per hour. Basically, this is done by 
automating the tools or forming elements. 

Extrusions and sheet metal rolled or brake 
formed to cross section can be used as stock 
material to be contour formed. When mak- 
ing the part, material is fed into the machine, 
firmly gripped at each end, and stretched 
during the forming cycle. Some parts can 


be formed by wiping or compression. These 
need not be stretched. 

Automobile parts which can be radial 
draw formed include bumpers, tops, body 
frame members, moldings, grilles, and trim 
pieces. Holes, notched-out openings, and 
sharp bends can be put in by local die opera- 
tions after the contour has been formed. 

There are several major benefits derived 
from draw forming that will help in meet- 
ing schedules, and show a dollar savings as 
well. The physical properties of the metal 
are improved by the cold work, which makes 
it possible to use a lighter gage raw stock. 
Also, less material is needed to produce the 
finished part. That is, strip material can be 
roll formed to obtain the cross-section re- 
quired, then the rolled part can be contour 
formed with only end trim resulting as 
scrap. This eliminates blanking and its high 
material loss. Blanking and drawing dies 
can be eliminated which in most cases pro- 
duces a savings in excess of the cost of a 
machine to radial draw form the part. 

Parts formed are accurate in lineal and 
cross-sectional dimensions, and they require 
a minimum of hand work to weld or fasten 
together. Machines can be automatically 
fed or if hand fed require a minimum of 
labor and are safe for personnel operating 
or feeding the material up to 500 pieces per 
hour. 


Design and production opportunities of radial draw forming are shown on p. 34-35. 
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... more about Radial Draw Forming . . . a new 


. 
VEVUEEELEALL OOOO OEEE EEE e e . design and 


Sizing Cross Sections 


yield tension 


In radial draw forming, the compres- 
sion shoe progressively wipes the part 
cross-section at the successive points 
on the contour die where stretch form- 
ing forces are setting the part contour. 
In addition to assisting the stretch 
forming forces in setting the contour, 
the shoe confines and sizes part cross- 
section. 

Result: Shape and angulation of 
cross-section are constant and accu- 
rate. Cross-section thinout at sharp 
bends is minimized. Close fits are ob- 
tained in assembly without benchwork 
or machining operations. 


Controlling Horizontal Flanges 


Part under 
end to end 
yield tension 


2 

) —_— 

7 Pf +7 
LEA. LLL 2 


With a hydraulic cylinder mounted 
on the wipe shoe holder, wiping forces 
can be exerted in vertical as well as 
horizontal directions. 

Result: During the contouring proc- 
ess, wide horizontal flanges of part 
cross-section can be kept flat and at 
correct angular relations to vertical 
flanges. Bench work for flatness is 
eliminated. Mating with other parts 
in assembly is improved. 


To Order Paper No.65C .. . 
on which this article is based, see p. 6. 


Forming Cross Sections 
While Contouring 


—___________, Two Piece Shoe 
> - > OPEN 


Part under end to end yield tension 


Using the vertical thrust type of shoe 
holder and horizontally split shoes with 
suitable material lead-in grooves, 
flanges and lips can be formed in the 
cross-section of the part while it is 
being formed to contour. 

Result: Use of sine bars and man- 
drels for enclosed cross-sections is 
avoided in stretching operations. Re- 
flanging operations in contoured parts 
are eliminated. 


Contouring in More than 
One Plane 


Radial draw former construction 
permits vertical movements of the en- 
tire shoe while part contours are being 
formed. As a result, parts can be 
formed which involve rising and fall- 
ing contours combined with curves in 
the horizontal plane. 

Result: Parts can be combined into 
one piece where it previously was nec- 
essary to build the part by joining sev- 
eral pieces. Stronger, lighter, one- 
piece construction is achieved. Bench 
work or joining operations commonly 
necessary in such parts are eliminated. 


Reforming Cross Sections 
While Contouring 


Part under end to end 


ied yield tension 


Compression shoe with simple 
knuckle or hinge mechanism sizes the 
stretched part to the changing angles 
of the die face while the part contour 
is being formed by both stretch and 
compression forces. 

Result: Parts previously made in 
several pieces can often be made in a 
stronger single piece. Bench work and 
joining operations are eliminated; as- 
sembly is speeded. 


Contouring Open Sections 


Part under end to end 
yield tension 


The compression shoe used in the 
radial draw form method offers a 
means of supporting and controlling all 
surfaces of open “U”, hat, channel, 
and like sections while they are being 
stretch and compression formed to 
contour. 

Result: True size and angular rela- 
tionship within the cross-section is 
maintained throughout the length of 
the contour without need for separate 
mandrels or sine bars. Slip-in mating 
parts fit without bench work. 
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technique that shapes auto parts. 


. e*,? 
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Forming Contours of 
Sharp Radii 


In radial draw forming parts to con- 
tour, material fibres nearest the center 
of the bend radius are in compression, 
those nearest the outer bend radius are 
stretched. Inward to outward fibres 
are not increasingly elongated, as in 
pure stretch forming. 

Result: Curves of sharper radii can 
be produced in material of a given 
cross-section by radial draw forming 
without overstressing or physically 
weakening outer part fibres. Cross- 
section thinout at points of small ra- 
dius contours is reduced. 


Forming Reverse Contours 


Direction of rotation of the radial 
draw form table can be changed at any 
point in its travel from counter-clock- 
wise to clockwise direction and back. 

Result: “S”, “W” and other contours 
involving reversing directions of curva- 
ture can be formed in one continuous 
piece at a single setup of the forming 
die. 


Contouring Tapered Sections 


EE ES ——— 
Heavy cross sectional | Small cross sectional 

| area formed to contour | | area formed to contour | 
with increased stretch with light stretch 
| tonnages | | tonnages J 


Many parts tapering end-to-end and 
otherwise varying in cross-sectional area 
throughout the part length can be suc- 
cessfully formed to contour by radial 
draw forming. Use of the radial draw 
form shoe as a holding device mid-way 
in the bend allows increased stretch 
pressures on heavier cross-sectional 
areas to complete the setting of contour 
in those areas without overstressing the 
lighter cross-sectional areas that have 
already been stretched to contour with 
minimum stretch tonnage. In actual 
practice the shoe may be repeatedly re- 
positioned during the bend and stretch 
pressures several times increased. 

Result: Parts tapering end-to-end 
throughout the contour can be formed 
without imposing stretch forces which 
would overstress areas of small cross- 
sectional area. 


In many part configurations joggles 
and offsets in the contoured part can 
be set with the power of the compres- 
sion cylinder normally used for shoeing. 

Result: Need is eliminated for sepa- 
rate joggling attachments, part holding 
joggle fixtures, or hand joggling work. 
Joggles and offsets can be incorporated 
while the part is set up for radial draw 
forming the contour. 


Contouring Beyond 180 Deg 


J 


Rotary table design of the radial 
draw former allows infinite rotation of 
the form die in either direction. Part 
curvatures beyond 180 deg can be 
formed, including spirals, full 360 deg 
wraparounds, either circular, oval, or 
rectangular, and parts involving severe 
hook shapes at one or both ends. 

Result: Circular shapes and other 
bends enclosed beyond the 180 deg of 
bend, to which most conventional 
stretch form processes are limited, can 
be formed in one continuous piece, 
without strength-reducing or weight- 
increasing joints within the part. 


Eliminating Machining 


The complete control by the radial 
draw form method of both contour and 
cross-section throughout the part 
length yields parts which are highly 
accurate and repetitively duplicated in 
dimensions. 

Result: Need for subsequent machin- 
ing operations to assure dimensional 
accuracy is eliminated. Parts are 
formed from extrusion, sheet, or strip 
without loss of critical material in 
chips and with savings of machining 
time. Tougher outer metal surfaces 
are not lost in machining. 
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coming Aluminum Engines 


UTOMOTIVE engineers are see- 


bring to light engineers’ agreement 


ing pretty much eye to eye ‘ ee 


about the character of the prob- 
lems now being faced in develop- 
ment of all-aluminum engines for 
passenger cars. But there is all 
kind of disagreement still about 
how these problems had best be 
solved. Recent discussion among 
SAE members, for example, indi- 
cates that: 


@ In each individual case, 
the first commercial de- 
signs will be much in- 
fluenced by the existing 
manufacturing  facili- 
ties available to each 
producer. 


The manufacturing 
methods applied to the 
first designs may be 
modified in later years 
as (1) experience multi- 
plies with mass produc- 
tion of aluminum parts, 
and (2) as metallurgi- 
cal research eiiminates 
special problems cur- 
rently characteristic of 
one or another of the 
casting techniques in 
use. 


That the all-aluminum engine 
is well on its way, however, is in- 
dicated by many statements at 
SAE gatherings. That General 
Motors, for example, is “optimis- 
tic about the future of these new- 
type powerplants” was revealed by 
GM’s D. F. Caris and R. F. Thom- 
son at SAE’s Summer Meeting in 
June. “We believe,” they added, 
“we are aware of the major prob- 
lems still to be resolved, and are 
continuing to do research to de- 
velop those powerplants which 
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Fig. 1 — Reciprocating wear test machine used by Chrysler to measure wear and scoring resistance. 


provide the American public with 
the best... .” 

At the same meeting, R. D. 
Chapman stated that, “At Chrys- 
ler, we in the metallurgical re- 
search department have become 
intrigued with the use of alumi- 
num for powerplants, and espe- 
cially with coatings and the hy- 
pereutectic silicon alloy for pos- 
sible cylinder-liner use.” 

Chapman also pointed up what 
seemed to be in the minds of other 
vehicle engineers, when he urged 
the die-casting industry to con- 
tinue to develop this process “in 
order that good, sound castings 
may be produced along with their 
high mechanical properties.” 

Chapman also detailed Chrysler 
results from several years of test 


of cylinder wear with aluminum 
pistons and blocks. He said: 

“A reciprocating wear test ma- 
chine was constructed and is 
shown schematically in Fig. 1. In 
essence, this machine consists of a 
slider with a wearing surface of 
approximately %,x8 in. The 
Slider is attached to an eccentric 
which imparts a reciprocating ac- 
tion to the slider. A rider, which 
is loaded by an air cylinder, is held 
against the slider. This machine 
was designed primarily for meas- 
uring wear resistance, but we 
found that we were able, under 
full lubricating conditions, to re- 
produce scoring. 

“Preliminary tests have indi- 
cated that an SAE 51100 rubbing 
against an SAE 51100 has_a scoring 
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on problems; divergence on solutions 


Fig. 2— General Motors experimental 253 cu in. engine utilizing aluminum-base alloys. This en- 
gine was used to investigate performance of various materials and coatings on the GM dynamometer 


durability test. 


load that appears to fit the equa- 
tion L x F°-5*, where L is the load in 
psi, and F is the surface finish in 
microinches. 

“Rating of the materials that we 
have tested, we show that a 20% 
aluminum-silicon alloy showed the 
greatest score resistance; next 
came molybdenum-coated, fol- 
lowed by cast iron. We were very 
pleased to see the direct correla- 
tion between laboratory tests and 
the actual engine tests.” 
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(This test consists of 100 hr at maximum power and 140 hr at maximum torque.) 


Caris and Thomson say their re- 
searches to date show that the 
weight of the cylinder block and 
cylinder head, when made in alu- 
minum, is less than half the 
weight of cast-iron components... 
resulting in an overall powerplant 
weight reduction of 30%. 

The real significance of such a 
reduction, Caris points out, is in 
the cumulative character of the 
results. “As the engine becomes 
lighter,” he says, “the supporting 


structure can be lightened, de- 
creasing overall car weight. Then, 
as this happens, smaller engines 
may be used to give the same per- 
formance. One conceives this 
leads to more economical and 
lighter-weight vehicles.” 

Continuing, Caris and Thomson 
point out: 

“Aluminum engines are not new, 
but generally they have been made 
with either a ferrous liner or a 
coating, such as chromium plate, 
for the bore material. Both of 
these procedures are expensive and 
impose processing difficulties. The 
probable future use of aluminum 
in cylinder blocks is largely de- 
pendent on minimizing these two 
problems.” 

Then, speaking of the problem of 
finding an improved bore mate- 
rial, they state: 

“It has been obvious that the 
simplest solution would be to de- 
velop a wear resistant aluminum 
alloy which could be cast in a 
manner similar to that used in 
current cast-iron production. 
This material must have the same, 
or improved, wear and frictional 
characteristics as cast iron, while 
maintaining comparable castabil- 
ity, machinability, corrosion re- 
sistance, strength, and the same 
or lower processing costs. (The 
latter may involve other foundry 
processing methods than those 
currently used for grey iron.) 

“The principle of wear resistant 
aluminum alloy combinations 
leads to application to other com- 
ponents than blocks and heads 
with further weight reduction. 

“Following bench test evalua- 
tion, a new experimental 253 cu in. 
engine (shown in Fig. 2) was used 
to investigate the performance of 
various materials and coatings on 
the General Motors dynamometer 
durability test, which consists of 
100 hr at maximum power and 140 
hr at maximum torque. A number 
of materials have satisfactorily 
passed this test, including plated 
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coming Aluminum Engines 


bring to light engineers’ agreement on problems; 


divergence on solutions . 


coatings, sprayed coatings, and the 
wear resistant aluminum alloys.” 

A. F. Bauer of Doehler-Jarvis, 
found himself in disagreement 
with some engineers at the Sum- 
mer Meeting when he voiced the 
opinion that: 

“Aluminum sand casting can- 
not replace grey-iron castings be- 
cause it does not offer any foundry 
advantages which would compen- 
sate for the initial high costs of 
aluminum. Semi-permanent mold 
is also costly because of the high 
manufacturing costs for disposable 
cores. ... The successful intro- 
duction of aluminum for engine 
castings depends on the develop- 
ment of a design which lends it- 
self to mass production either in 
the die-casting or permanent- 
mold processes by eliminating all 
undercuts and back drafts.” 

Alcoa’s James Smith expressed 
the thought of several who dis- 
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Based on paper by 


]. V. Bassett, 


Raybestos-Manhattan, In 


pabilities: 


to the back. 


combination vehicle. 


HOnNaANUAONGAADNANANNOAOEOENELOONOUODOAONENUAONOEOENAOLADODSLALUOUADAUEUOONGGUbORIUOLEGEQEOUOUAVOOEONONGONNEOOAONOUSUANONBOUOLEUAUEODSUAUOGUAUOUANONEOUOUADENEOLAGAGADAOUOUAQOGUELEADAQexeUenOOTAGNOOONY 


yw 


38 


Rx for Proper Truck Braking 


ERE’S a checklist designed to provide maximum truck braking ca- 


1. Maintain proper balance of all axle brakes so that each brake 
shoe operates at the same instant and under equal pressure. 

2. Any difference in time should vary from the last axle to the first 
axle (that is, the last axle should operate first) and not from the front 


3. Use the same diameter brake drums and tires on all axles of a 


4. Use the same friction value lining on all brakes of the vehicle. 
(Otherwise the retarding effort of all the axles will not be in balance). 


To Order Paper No. 69C . . . 
...0n which this article is based, turn to page 6. 
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. continued 


agreed with Bauer when he said: 
“We feel that the sand casting and 
semipermanent-mold casting both 
allow greater flexibility of design 
than does die-casting.” Thin sec- 
tions are obtained with die cast- 
ings, he admitted, but said that in 
some cases thin sections are ex- 
actly what is not wanted. “Heavy 
walls,” he said, “are what are gen- 
erally wanted on automotive en- 
gines.” 

That aluminum casting toler- 
ances need not be as wide as for 
iron was noted by Abram D. Reyn- 
olds, Reynolds Metals Co. “By 
breaking with tradition and writ- 
ing more exacting foundry specifi- 
cations, some master mechanics 
have lopped off as much as 10% 
from the material and conversion 
costs chargeable to each unit. ... 
Aluminum is at a disadvantage 
against ferrous metals only on the 
basis of the material content of the 
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part involved. All foundry and 
subsequent processing operations 
favor aluminum,” he said. : 

As a diesel engineer, Julius E. 
Witzky, White Motor Co., recom- 
mends to his friends in the gaso- 
line engine field “that the wall 
vibration of the aluminum crank- 
case be reduced to a minimum by 
designing stiff and rigid cases. 
Otherwise, cavitation and corro- 
sion,” he said, “will occur after a 
long time in service .. . in some 
cases the first attack can be recog- 
nized after 2000 hr of operation... 
which would indicate that the 
used-car buyer might find himself 
in trouble.” 

National Carbon’s F. A. Gund- 
lach says he still has serious res- 
ervations about complete alumi- 
num corrosion inhibition in multi- 
metal systems . . particularly 
where designs contribute to so- 
called “crevice attack,” a phenom- 
enon incapable of control by cur- 
rently available inhibitors. Also, 
he warned of “cavitation-erosion 
problems which can develop when 
a nonrigid cylinder liner trans- 
mits its vibrations to an adjacent 
aluminum water jacket.” 

Commercial Solvents Corp.’s 
J.C. Crawford has similar reserva- 
tions, too. Maybe water will be 
satisfactory as a coolant for all- 
aluminum engines, he admits, but 
points out that “the water, anti- 
freeze, and the service-life con- 
taminants in an engine require a 
proper balance for satisfactory op- 
eration.” He also says that “field 
experience with aluminum compo- 
nents in cars of foreign or domes- 
tic manufacture, and the litera- 
ture on corrosion itself suggest 
greater demands on inhibitor per- 
formance rather than that ‘Inhib- 
itors are not required,’ as Richard 
and James Smith of Alcoa have 
indicated.” 

Backing was given to those who 
brought favorable reports of wear 
from tests with aluminum units by 
H. S. Brown of Briggs & Stratton, 
whose company has manufactured 
more than 7,000,000 aluminum en- 
gines in small sizes. “With 
chrome-plated cylinder bores,” 
Brown reports, “the wear rate and 
surface problem has been much 
better than with our old cast-iron 
cylinder bores.” This was con- 
firmed by Eberhard Hundt, who 
said Daimler-Benz has solved the 
problem of scoring of aluminum 
cylinder bores with aluminum pis- 
tons by chrome-plating the upper 
rings on the Mercedes. 
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B-58 features 


Adhesive-Bonded Structures 


... why, where, and how they are used. 


Based 


W. K. Bailey 


on, General Dynamics Corp 


m paper Dy 


Convair Div 


Why Bonded Structure Is Used on the B-58 


Early in the preliminary design phase, approxi- 
mately 24 different designs of skin coverings were 
evaluated, fabricated, and tested to determine 
which type would be optimum for use on the B-58. 
Evaluations were made of designs ranging from con- 
ventional riveted plate-stringer construction to a 
corrugated doubler construction riveted or spot 
welded to the skin. Only bonded structure, however, 
presented all of the following advantages: 


1. Aerodynamic smoothness, both at high stress 
level and at elevated temperature. 

2. High structural efficiency in all environmental 
conditions to be met by the aircraft. 

3. Simplicity of design with fewer parts and re- 
sulting lower costs. 
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4. Improved fuel sealing resulting from fewer 
fasteners. 

5. Insulation of fuel from aerodynamic heating 
of the wing skins. 


While these were the basic advantages recognized 
at that time, many additional advantages are now 
known. Among these are: resistance to sonic 
fatigue, elimination of many of the subassembly 
operations formerly associated with aircraft, and 
standardized fabrication for many of the structural 
components of the aircraft. 


— and How Bonded Structure Is Used on the 

The B-58, shown above, is a supersonic bomber, 
capable of sustained supersonic flight. Bonded 
honeycomb structure is used over practically the 
entire wing and tail surface and is used extensively 
in the pylon and nacelle structure. The fuselage is 
an integral beaded-panel type of bonded structure. 
And, the elevons and aft portions of the engine 
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B-58's Adhesive-Bonded Structures 


nacelles feature brazed stainless steel honeycomb- 
sandwich construction. 

All of the bonded panels follow the same basic 
production flow. That is: 


. Fabrication of detail parts. 

. Prefitting of parts into assemblies. 

. Cleaning of parts. 

. Layup of parts with adhesives into assemblies. 
Bonding of assemblies in either an autoclave 
or a bonding press. 


Problems Associated with the Use of Adhesives for 
Aircraft 


One of the major problems confronting the air- 
craft industry is the lag in development of high 
temperature, high strength adhesives. The decision 
to use bonded structure for the B-58 was made be- 


How to produce 
a Beaded Fuselage Panel... 


1 Detail parts of several assemblies leaving the rinse tank 
+ following an acid cleaning. Prior to this point in the 
assembly line the detail parts have been fabricated and 
matched as assemblies in the prefitting operation. Once 
the parts go into the cleaning line they are not touched by 
bare hands until after the bonding operation is complete. 
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. . . continued 


fore adequate adhesives were available. Although 
the formulation was available, the production proc- 
essing of the adhesives was not fully developed 
until the detail design was almost completed. This 
meant that Convair’s predictions on the perform- 
ance of production adhesives had to be, and were, 
accurate. 

This lack of adequate lead time of the adhesives 
ahead of the aircraft industry led to another prob- 
lem, that of quality control. The adhesive had to 
be used almost to the optimum properties available 
when production started. To the adhesive manu- 
facturer, this meant narrow control limits and con- 
siderable testing of raw materials. Slight variations 
in processing could cause the adhesive to slip below 
the minimum requirements, thus causing rejection 
of that lot. This also meant additional testing of 


Worker applying adhesives to prevent contamination 

« of the chemically cleaned surfaces of the outer skin of 

a beaded panel. A dual adhesive system is used on most of 

the parts of the B-58. In the metal-to-metal areas requir- 

ing fuel and pressure sealing a nitrile rubber-phenolic resin 

adhesive is used. Here, this adhesive forms the boundary 

of the outer skin as well as the frame line. The worker is 

applying an epoxy-phenolic resin adhesive to the beaded 
area of the panel. 


A beaded panel after the adhesive has been applied to 

« the outer skin and doublers, and after the detail parts 

have been placed together. The parts are then held to con- 

tour while being tack bonded. After the layup operation is 

complete, the parts are put into bond forms and sent to the 
autoclave for bonding. 
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the adhesive at the critical conditions required by 
the specification. This requirement was also car- 
ried over to the aircraft industry where a large 
amount of quality control and testing was required. 

Using bonded structure in aircraft has required 
changes in techniques. A vast amount of technical 
capacity had to be built up in all departments asso- 
ciated with the structure of the aircraft. Design 
concepts and allowables, methods of analysis, tool 
designs, processes, inspection techniques, manufac- 
turing methods, and facilities had to be developed 
for the bonded structure. The development of this 
technical capacity was the largest single challenge 
to be met. 


Future Use of Adhesives in the Aircraft Industry 
With the widely divergent requirements of mili- 


One of the autoclaves used at Convair for bonding 

« beaded panels and other highly contoured parts. An 

overhead monorail system is used to move parts into and 

cut of the autoclave. Most of the autoclave bonded parts 

are bonded at 350 F under 150 psi pressure for two hours. 

Following the bonding operation the parts are sent to final 
inspection. 
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tary aircraft, temperature requirements of 1000 F 
are already with us. This is considerably above the 
range of the organic adhesives as we know them. 

Whether the adhesives be organic, metallic, or 
ceramic, bonded assemblies have inherent design 
and production efficiency which will always be ad- 
advangeous. Adhesives not only have wider usage 
in the aircraft industry today than at any other 
time, but also possess great potential in future de- 
signs. However, high-temperature adhesive tech- 
nology will have to advance at an extreme pace if 
adhesives are to be available for future designs. To 
the adhesive manufacturer, this is the challenge, 
not of tomorrow, but of today. 


To Order Paper No. 34B... 
...0n which this article is based, turn to page 6. 


Contoured beaded panel being checked with an ultra- 

« sonic inspection instrument. The stubmeter compares 

the bond lines of the assembly to the bond lines of a stand- 

ard. Standard good bond areas give a deflection on the 

oscilloscope of approximately ‘2 in., while standard void 

areas give a deflection of about 4 in. Varying degrees of 
bonds can be read between these two limits. 


Subassembly of beaded 
* panels to longerons 
and frames to make a side 
shear panel of the B-58 
fuselage. Note the simplic- 
ity of the design and the 
wide frame spacing. Fas- 
teners are required only on 
the perimeters and at frame 
attachment points, thus re- 
ducing the amount of at- 
tachment sealing required 
in the fuel tank and crew 
compartment areas. 
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Germans Develop 


Unique Universal Joints 


Fred M. Potgieter 


Fred M. Potgieter G Associates 


In a recent visit to Germany Potgieter found that Germany has largely adopted the 
American standard power take-off drives on farm tractors. He also found that the 
German universal joint manufacturers have made available to the farm machine 
manufacturer a larger variety of drive designs than has the United States. He de- 
scribes some of the designs in this article. 


HE Jean Walterscheid Co. makes conventional 
Cardon roller bearing universal joints for power 
take-offs in five sizes from 6 to 75 hp at 540 rpm. 
These are also furnished with integral safety shields 
mounted on ball bearings. In addition this company 
has developed special grooved tubes for the tele- 
scoping members, as shown in Fig. 1. These round 
tubes with integral driving ridges and grooves have 
excellent balance characteristics for long shafts at 
high speeds. With these tubes for long slip require- 
ments it is possible to build a shaft with four pro- 
gressively telescoping tubes between the joints. 
Fig. 2 shows an especially interesting development 
— a wide angle joint which can operate at angles up 
to 75 deg. This is actually a close-coupled double 
Cardon universal joint mounted in a safety shield, 
with ball and roller bearings so mounted that the 
shield becomes the supporting member for the inter- 
mediate shaft. This unit is a good solution for the 
power take-off drive for implements which must be 
offset from the centerline of the tractor, making it 
unnecessary to have equal angles in the joints at 
either end of the driveline. 
Walterscheid is also producing four distinct types 
of safety clutches for power take-off drivelines. The 
first type (Fig. 3) consists of spring loaded plungers 
in a solid inner shaft that engage the inner groove 
of their standard slip tube. By varying the strength NBs i E 
of the spring and the number of pins, any desired SERIES cx Cees i 
torque capacity can be obtained and in a small, neat Fig. 2— Jean Walterscheid wide angle double universal joint. 
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Fig. 1 — Jean Walterscheid grooved tubes for telescoping mem- 
bers on farm shafts. 


Fig. 3 — Jean Walterscheid slip clutch. Fig. 4 — Jean Walterscheid slip clutch. 
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Fig. 6 — Gellenkwellenbau agricultural joint with sealed slip. 


Fig. 5 — Jean Walterscheid close coupled slip clutch. 


Fig. 7— Gellenkwellenbau quick coupling lock for tractor 
power take-off yoke. 


Feit Seal 
Protecting Sleeve 


Rubber support ring 


Fig. 8 — Gellenkwellenbau double sealed slip joint for extremely dirty 
conditions. 
Fig. 9 — Gellenkwellenbau double Cardon joint for constant velocity. 
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package. Fig. 4 shows another type, also with spring 
plungers, which is designed to free wheel in one di- 
rection of rotation. This is for drives on implements 
having a large WR’. A third type (Fig. 5) uses balls 
mounted in holes in one plate, engaging depressions 
in another adjoining plate, and axially loaded by 
means of Belleville springs. Such construction pro- 
vides large capacity in a short length. The fourth 
type, for extremely high loads, releases entirely after 
the set torque is exceeded and does not engage again 
until the speed has been reduced to a predetermined 
lower speed. This larger unit is satisfactory for 1600 
rpm operation. 
os . The last three slip clutches mentioned can be fur- 
7 Sa en ise paca are nished integral with the universal joint yoke, which 
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Fig. 12 — Gellenkwellenbau large capacity roller bearing joints on a 
steel mill drive. 


attaches to the tractor power take-off shaft. 

The Gelenkwellenbau Co. has developed two sizes 
of agricultural power take-off shafts having both 
telescoping and fixed length design. The telescoping 
design uses a rectangular shaft sliding in a rectan- 
gular hole sleeve. This sleeve is fitted with a felt 
grease seal at the outer end, as shown in Fig. 6. 
Gelenkwellenbau has also developed a quick-cou- 
pling lock (Fig. 7) for the tractor yoke, which con- 
sists of a collar around the yoke hub with inner cam 
surfaces that depress three balls into the annular 
groove in the tractor power take-off shaft. The yoke 
is locked to the tractor pto shaft by turning the col- 
lar approximately 30 deg. The collar is held in the 
locked or unlocked position by a spring working in 
a notch. 

For extremely dirty operating conditions Gelenk- 
wellenbau furnishes its truck and industrial drive 
shafts with a double seal on the slip joint. (See Fig. 
8.) This consists of a conventional seal at the spline 
and a tube around the slip yoke — rubber mounted 
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Fig. 11 — Gellenkwel- 
lenbau rubber universal 
joint. 


to the stub end at one end and with a sliding fit to 
the OD of the slip yoke at the other end. This sliding 
fit has a felt seal. 

The Gelenkwellenbau Co. has developed two lines 
of special double Cardon joints for constant-velocity 
applications for operating angles up to 48 deg. As 
shown in Fig. 9, these units have a centering ball 
and socket in the center, making them self-con- 
tained by supporting the intermediate shaft. These 
are available in eight sizes in torque capacities up to 
about 7000 lb-ft, and, aside from offering both roller 
bearing and improved construction, are similar in 
principle to the universal joints that were used in 
the Cord front-wheel-drive auto of 30 years ago. 
These are used in front axles of heavy trucks and 
construction equipment, as shown in Fig. 10. These 
joints, when installed in a vehicle, can operate in 
the open, requiring no grease-tight housing. They 
will run continuously at an angle without overheat- 
ing and have a satisfactory service life. 

The Gelenkwellenbau Co. also makes a drive in 


which the entire torque and flexibility are taken by 
a single rubber disc. This disc, narrow at its outer 
diameter and thick at its inner diameter, is vulcan- 
ized to two concentric rings that are attached to the 


shaft and driving flange, respectively. (See Fig. 11.) 
These units are available in seven sizes for torques 
up to 870 lb-ft and in both long and short coupled 
double assemblies. This drive is recommended es- 
pecially for applications with limited angles, where 
it is necessary to dampen noise or torsional vibra- 
tion, such as drives for fans and air compressors and 
diesel-engine applications. 

One of the most interesting developments at Gel- 
enkwellenbau is the large Cardon-type roller bear- 
ing universal joints for diesel railroad locomotives, 
marine, and steel mill drives. These are made in 
sizes up to 564,000 lb-ft torque capacity. This largest 
unit has a 261,-in. swing diameter and uses a 16%4- 
in. diameter tube and a 1014-in. diameter spline stub 
end in the slip joint and is made for steel mill roll 
drives. (See Fig. 12.) These large units are all 
X-ray tested, and each assembly is individually cer- 
tified. 

Many of the large universal joint drive shafts used 
on diesel applications incorporate a rubber torsional 
resilient member between the joints at the slip joint. 
One of the popular units is the Vulkan torsional unit. 
This unit is unique in that it consists of many pairs 
of discs with rubber vulcanized between each pair. 
Each pair of discs is so mounted between a spline 
shaft and broached sleeve that one disc of each pair 
engages the shaft and the other disc of each pair 
engages the sleeve, causing the rubber drives to be 
mounted in multiple. By putting a varying amount 
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of backlash in the connection between the discs and 
driving shaft it is possible to have them engage seri- 
ally in any manner desired. This makes it possible 
to make a torsional resilient member with any pre- 
determined torque windup characteristic. (See Figs. 
13and 14.) Fig. 15 shows the torque deflection char- 
acteristics of a unit with parallel-mounted discs and 
the graph of a unit with progressively mounted discs 
with varying backlash. These units are made in 
sizes up to 500,000 lb-ft torque capacity (Fig. 16) 
and to provide up to +20 deg of windup. The Vulkan 
Co. does not manufacture universal joints, but it 
makes this rubber unit for any drive. 

Fig. 17 shows an interesting all-rubber coupling 
with a metal centering ball and socket made by 
Goetzewerke. This unit employs a rubber “do-nut” 
with six holes equally spaced, with centerlines paral- 
lel to the axis of the “do-nut” hole. Alternate holes 
are attached to three-prong spiders attached to the 
two shafts. This construction provides all the drive 
and angular and torsional resilience and end move- 
ment in the rubber while the centering ball keeps 










Fig. 13— Vulkan rubber 
torsional unit for con- 
trolled torque windup. 
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the floating shaft rotating on its center. These units 
are made in 10 sizes up to 4350 lb-ft torque capacity, 


which has a 15-in. swing diameter. The manufac- 
turer recommends up to 6-deg angular displacement 
and from 8-10-deg torsional windup. 

In Germany there are also several interesting de- 
velopments in small universal joints, such as are 
used on machine tools, controls, and package ma- 
chinery. The Alfred Heyd Co. has taken an old prin- 
ciple and put it into production in 20 sizes of univer- 
sal joints from approximately '% to 4'2-in. diameter. 
(See Fig. 18.) This joint consists of a metal sphere 
with two annular square grooves around it at right 
angles to each other. These grooves are engaged, 
respectively, by the arms on the two end yokes. The 
design has merit for some types of application and it 
certainly is simple, compact, and rugged. 

Most small universal joints for light loads have 
avoided a solid steel cross and employ a block with 
loose pins to transmit the load from one yoke to the 
other. Ludw. Loewe & Co. has developed a line of 
small joints for 19/32- to 2 35/64-in. outside diameter, 
which employs a solid steel cross in the center, with 
end yokes made of two arms held in place with a 
steel ring pressed over the hub portion of the yoke 
arms. The elements of these joints are made of 
alloy steel— carburized hardened and ground to 
close tolerances — making the finished product an 
accurate, strong, and long-lasting unit. (See Fig. 
19.) 
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Fig. 14 — Vulkan torsional 
windup unit as applied to 
a universal joint. 
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Fig. 15 — Torque windup curves of Vulkan torsional unit. 
Curve A — Parallel mounting of rubber elements. 
Curve B — Progressive mounting of rubber elements. 
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Fig. 16— Gellenkwellenbau universal joint with over 500,000 Ib-ft 
torque capacity. 
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Fig. 18 — Alfred Heyd Co. universal joint. 


Fig. 19—Ludw. Loewe & 
Co. small universal joints. 
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Giving Aluminum Better 
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vo good wear properties and light weight of hy- 
pereutectic aluminum-silicon alloys (greater than 
11.6% silicon) make it a likely candidate for pistons, 
cylinder liners, rocker arms, cylinder blocks and 
heads, and brake drums. 

Aluminum-high silicon alloy cylinder liners were 
included in a recent engine-wear test program. Us- 
ing these liners in uncoated form, and liners of 356- 
T7 aluminum alloy, both bare and with various cogat- 
ings, testing was carried on in 4 cyl of a 6-cyl wet- 
liner truck engine. (The remaining two cylinders 
were made of cast iron for control.) 

Preliminary results of the test are shown in Fig. 1. 
Average rate of wear in the ring pocket is shown to- 
gether with the number of hours of operation on the 
following cycle: 30 min at 3500 rpm, full load, full 


‘throttle; 20 min at 1400 rpm, full throttle, with spark 
set to produce medium to heavy detonation; 10 min 
at 500 rpm, no load. 

Although laboratory conditions can hardly be con- 
sidered to be comparable to road service, the results 
of these exploratory tests warrant the conclusion 
that aluminum-high silicon alloys are promising as 
a cylinder-liner material. 


foundry characteristics 


The foundry characteristics of aluminum-high 
Silicon alloys containing 20% silicon, 2% copper, 
1% magnesium, and 0.5% manganese are somewhat 
less than ideal. While they have excellent fluidity, 
feeding characteristics are poor and internal shrink- 
age results if adequate gating and risering is lacking. 
Controlled foundry techniques are required to han- 
dle these alloys successfully. 

Melting and pouring temperatures must be higher 
for aluminum-high silicon alloys. Suggested pour- 
ing temperatures for these alloys are in the range of 


Fig. 1 — Aluminum-high silicon 
alloy liners exhibited a lower 
wear rate than five other mate- 
rials in an engine wear test. 


SAE JOURNAL 





Wear Properties 


1325-1350 F for die castings and from 1400-1450 F for 
permanent mold, semipermanent mold, and sand 
castings. 

Differences in density of solid silicon and molten 
aluminum lead to a tendency for gravity segregation, 
and a coarse nonuniform structure results. One 
answer to this problem appears to be the German 
technique of primary silicon-constituent refinement. 
A suitable phosphorous addition to the melt acts to 
refine the primary silicon crystals, and a relatively 
fine, uniform structure results on solidification. Fig. 
2 shows the difference in silicon crystal size in an un- 
refined and a refining sand casting. Note the large 
primary silicon crystals present in the unrefined alu- 
minum-high silicon alloy. 

The role phosphorus plays in primary silicon-con- 
stituent refinement is theorized as follows: Alumi- 
num phosphide nuclei are formed which are crysto- 
graphically similar to primary silicon crystals. As 
the molten alloy solidifies, a great many aluminum- 
phosphide nuclei are made available for primary 
silicon crystallization. The result is a finer primary 
Silicon constituent size. 

This phosphorous treatment is reported to be ef- 
fective through the second remelt. However, close 
metallurgical control and foundry techniques are 
required because indications are that excess phos- 
phorus could be detrimental. 


physical properties 

The phosphorous treatment is not only beneficial 
to the foundry characteristics of these alloys but af- 
fects physical and mechanical properties as well. 
Table 1 lists physical properties of a 20% silicon alu- 
minum-silicon alloy. The beneficial effect of silicon 
refinement and alloy heat treatment are shown for 
sand and permanent-mold specimens. 

The thermal conductivity of the unrefined alloy in 
permanent-mold casting is about 10% higher than 
that of the sand cast product. Because solidification 
in a permanent mold is more rapid, the permanent- 
mold-casting process produces a finer primary sili- 
con-constituent size than does the relatively slow 
cooling sand-casting process. In the refined condi- 
tion, the casting process has much less effect on 
thermal conductivity of the aluminum-high silicon 
alloys. 

Since silicon is lighter than aluminum and is the 
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major alloy constituent, a low-density alloy is ob- 
tained. 

The refined material exhibits about twice the 
growth of the unrefined. However, this relatively 
low level of growth may be substantially removed 
with a —-T5 type heat treatment of 8 hr at 400 F. 

The aluminum-high silicon-alloy group exhibits a 
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Fig. 2— Microphotographs of unrefined (upper) and refined 
(lower) hypereutectic aluminum-silicon alloy at 100X. Note the 
difference in silicon crystal size. 
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coefficient of thermal expansion 15-20% below that 
of the Lo-Ex type of aluminum alloy for pistons. 


mechanical properties 


The mechanical properties of the 20% silicon alloy 
are given in Table 2. 

The superior chill available in the permanent- 
mold process results in a substantial increase in ten- 
sile strength over sand-cast specimens. In either 
casting process, the refinement of the silicon con- 
stituent increases the tensile strength of the alloy. 

The hardness of these alloys is only slightly in- 
fluenced by primary silicon refinement. The —-F con- 
dition hardness is good in either sand or permanent- 
mold castings, and Brinell hardness readings in the 
130 range are common with heat-treated perma- 
nent-mold castings. 

Brinell values determined at 400 F after heating 
for 100 hr are 15-20 points higher than for many 
commercial aluminum casting alloys. 

Generally, the elongation of these alloys is on the 
order of 42% and the yield strengths are of the same 
magnitude as the tensile strengths. 

High tool wear encountered with these aluminum 
alloys has been a deterrent to extensive production. 
The development of tungsten carbide tools eased the 
problem to some extent. Now, with the addition of 
the foundry technique of primary silicon refinement, 


Table 1 — —_— Properties of 


Hypereutectic Aluminum-Silicon Alloy 
(Al; 20% Si; 2% Cu; 1% Mg; 0.5% Mn) 


Thermal Conductivity (cgs units) 

Casting Process 
primary 
silicon cond 


heat treatment permanent mold 


-F 0.21 
- 75 0.20 0.22 
- 771 0.23 0.25 


-F 0.22 0.22 
- 75 0.23 0.23 
- 771 0.24 0.25 


Specific Gravity — 2.66 

Weight, |b per cu in. — 0.096 

Growth, in. per in. — primary silicon -F 
unrefined 0.0003 
refined 0.0007 


Coefficient of Thermal Expansion, in. per in. per deg F - 
68 — 212 F 0.0000090 
68 — 392 F 0.0000092 
68 — 572 F 0.0000093 


unrefined 


refined 


- 75 
0.0000 
0.0000 


machinability is further improved. 

The machinability of the 20% silicon alloy was 
evaluated in a standard machining test. Utilizing 
radioactive tungsten-carbide tipped tools to deter- 
mine tool wear, refined and unrefined permanent- 
mold and sand-cast specimens in the -T5 condition 
were evaluated. The unrefined permanent-mold 
machining test specimens showed one half the tool 
wear of the unrefined sand-cast bars. 

The benefits derived by primary silicon refinement 
indicated a sizable reduction in tool wear on speci- 
mens made by both casting processes. In the case of 
permanent mold specimens, tool wear was reduced 
by 50%; the reduction in sand cast samples was 
about 70%. 


discussion 


“While the pronounced effect and usefulness of 
phosphorus additions in controlling the size and dis- 
persion of.primary silicon crystals has become well 
known, it may be of interest to point out that some 
of the other known modification agents accomplish 
a somewhat similar result and spherodize as well.” 


Marshall G. Whitfield 
Whitfield Laboratories, Inc. 


To Order Paper No.65A .. . 
...on which this article is based, turn to page 6. 


Table 2 — Mechanical Properties of 
Hypereutectic Aluminum-Silicon Alloy 
(Al; 20% Si; 2% Cu; 1% Mg; 0.5% Ma) 


Tensile Strength, psi 
Casting Process 
re Permanent mold 
silicon 


heat treatment sand 


-F 18,000 
unrefined -T5 21,000 
- 771 28,000 


-F 21,000 


refined -T5 26,000 
-T71 32,000 


29,000 
30,000 
39,000 
30,000 
32,000 
41,000 


Brinell Hardness, at room temperature 
-F 85 
unrefined - 75 90 
- 771 120 
-F 85 
refined -T5 90 
- 771 120 


Brinell Hardness, at 400 F, after 100 hr at 400 F 


unrefined -T71 
refined - 771 


Brinell Hardness, at room temperature, after 100 hr at 400 F 


unrefined - 771 105 
refined - 771 105 


Note: 
Elongation in all cases approximately 0.5%. 
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X-15 Test Pilots 


. will soon be collecting the data on physical 


reactions under extended periods of weightlessness, 


on aerodynamic heating, and on hypersonic stability and 


control. 


as system manager in space vehicles. 


Excerpts from talk by 


Alvin S. White 


Experimental test p lot, North American Aviation 


Presented at SAE San Diego Section 


HE X-15 high-speed, high-altitude experimental 

airplane will be dropped from a wing of a B-52, 
the rocket engines will ignite, and then the airplane 
will be pulled into a steep climbing flight path. 
When the X-15 hits a predetermined combination 
of attitude and altitude, it will be guided along a 
trajectory accelerating rapidly in spite of the steep 
climb angle, and will proceed on out into the fringe 
of space. When intercepting the predetermined 
fiight path, the pilot will push over to zero g. From 
that point until burnout he will still feel transverse 
acceleration due to the thrust, but will be at zero 
g along the longitudinal axis of his body. After 
burnout, he will actually be in a state of weightless- 
ness. 

On the way out of the earth’s atmosphere the 
X-15 will gradually come to an area where there 
will no longer be sufficient airflow over the stabi- 
lizers or control surfaces to make them work. With- 
out stability or control from the stabilizers, the pilot 
can not control attitude of the airplane. Therefore, 
a new type of attitude control was included in the 
aircraft so that as the airplane descends back to- 
ward the earth the pilot enters the earth’s atmos- 
phere in the attitude he selects. This control device 
is a series of little jets in the nose and on the wings 
of the airplane which “shoot” up or down so that he 
may adjust the attitude of the airplane. 

In order to prepare pilots for this type of “space” 
mission North American’s engineering department 
has developed an X-15 simulator. By using wind 
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Man needs this information before he can go along 


AL WHITE, experimental test pilot assigned to North 
American's X-15 project, poses in a flight suit. 


tunnel data and predicted aerodynamic data, the 
design engineer can predict the type of control sys- 
tem required for a mission of this type, build the 
control system into the simulator, and test the abil- 
ity of this control system to handle various prob- 
lems of research flight without having actually 
flown the airplane. 

In addition, the complete mission profile can be 
presented to the pilot on the instrument panel of 
the simulator, permitting him to become proficient 
in the techniques of flying the X-15 throughout the 
entire mission. 

Stability and control parameters may also be pre- 
dicted. Therefore the pilot can acquaint himself 
with all of the problems that he will face on an 
actual flight. Of course, one of the most important 
elements missing from a simulator device of this 
type is that the pilot is not undergoing any actual 
physical loads. 

However, to meet this challenge of g forces, an 
almost exact replica of the X-15 cockpit has been 
mounted on a huge centrifuge where actual g loads 
of the flight are duplicated. In the centrifuge tests 
at the Naval Air Development Center, Johnsville, 
Pa., the pilots will again be trained in flying a com- 
plete mission profile, at the same time undergoing 
at least the positive g loads that will be experienced 
during actual flight conditions. 
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Researh 


Is Key to Continued 
Automobile Industry Growth 


If the automobile industry is to continue to grow, an in- 
tensive basic research program will be needed to develop a 
new mode of transportation. 


Otherwise, we will see a leveling off, such as has hap- 
pened to the railroad and other industries. . . . 


That's the message of a recent panel discussion of top auto- 


motive research men. 


HE KEY to what will happen in the automobile in- 

dustry in the coming years depends clearly on the 
amount and type of basic research that the industry 
supports — that was the opinion of top research men 
from several of the automobile companies at a recent 
panel discussion on “Industrial Research — Where 
Is It Going?” 

It is basic research alone, it was pointed out, that 
can supply the knowledge needed to produce the 
radically new mode of personal transportation re- 
quired to assure the continued growth and pros- 
perity of the automoble industry. 

If this opportunity is not grasped, some other in- 
dustry will take over its role as leader in the personal 
transportation field. That’s what has happened to 
certain other industries: Witness, for example, the 
way-the railroads have lost most of their once lush 
business to cars, buses, trucks, and airplanes. It 
was the general feeling that an important factor in 
the downfall of the once mighty railroads was that 
they rested on their laurels, instead of engaging in 
research. 

Some of the problems to be solved in setting up 
and carrying out a research program that were dis- 
cussed are: 


1. How much basic research should be supported? 
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2. How broadly or narrowly should the areas of 
research be defined? 


3. How to keep basic researchers from wanting to 
follow their developments into the applied research 
stage. 


How Much Research? 


Despit2 the amount of research already being sup- 
ported by the automobile industry, much more is 
needed, particularly of basic research. Michael 
Ference, Jr., director of Ford’s Scientific Laboratory, 
had this to say on the subject: “If one examines the 
available statistics of the automotive industry, one 
is impressed by the fact that, although the total 
dollars spent on engineering is certainly significant, 
the amount spent on research, and particularly on 
basic research, is insignificant compared to, say, the 
chemical or the electronic-communications indus- 
tries. This suggests that the science base is still 
completely inadequate to support an industry of the 
size, importance, and growth potential of the auto- 
motive industry .... Basic*problems will not re- 
main unsolved in this day of intense scientific activi- 
ties and competition. The question is, will these 
problems be solved internally by the industry 
through increased research effort, or will they be 
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This article is based on material from the fol- 


solved by others, thereby casting our industry inthe = lowing sources: 
role of the follower rather than a technical leader.” = 

In this connection Lawrence R. Hafstad, GM’s_ ; ® Panel discussion on “Industrial Research — 
vice-president in charge of research,emphasized the = Where Is It Going?”: 
importance of long-range studies. “We should,” he 
said, “make a study of the whole transportation in- 
dustry —of which we are a part—as well as the = ore: ¢ 
more narrow automotive industry. The communi-_ : R. E. Peterson, Westing! 
cations industry has done much better on this score’ = 
than we have. There is a solid theoretical basis for = Panel members 
the communications industry. The information : Welcome W. Bender, 
theory, which was developed in that field, applies to = 
much more than just the little area for which it ; Michael Ference, Jr., ford Motor 
was originally developed. Similarly, it may be = 
possible to develop theories applicable to the whole = L. R. Hafstad, Researc! 
transportation industry, if we get busy and do the = Corp. 
necessary research.” Z 

This then gets down to the problem of how much G. J. Huebner, Jr., 
research should any individual company do. The 
first factor to consider, according to George J. Hueb- 
ner, Jr., executive engineer-research, at Chrysler, 
is that any company is in business to make a profit. 
Thus, in some way, a company’s research program 
must be related to the amount of profit that it can 
eventually show from its research efforts — in terms 
of superior goods and services. 

In relating research to profits, it is most im- 
portant, however, that one not lose sight of the fact : 


nairman 


@ Paper “Symbiotic Interaction between Sci- 
ence and Engineering” (Paper No. 54A) 


by Gerhart Groetzinger, &'A‘ 
No 54A) 


To Order Paper No. 54A ... 
turn to page 6. 
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(continued) 


that, over and over again, research done with no 
thought of immediate usefulness has turned out, in 
the long run, to produce the greatest gains. Thus, 
we have a paradox, in that, as W. W. Bender, vice- 
president of RIAS, Inc., put it, “An industry never 
knows if it can afford money for basic research until 
the work is done — and it can’t know what a product 
will do or what the tooling — or any other — costs 
will be, until after it has the product.” 

Several panelists pointed out that the ingredient 
most needed to help one out of this dilemma is 
faith, which should be an ingredient of any decision 
as to how far a company should go in research. 
Many examples can be given to show that, in the 
words of Gerhart Groetzinger, RIAS, Inc., “The 
seemingly impractical attitude of the scientist, who 
is not concerned at all with the usefulness of his dis- 
coveries, is really the only practical one.” 

The knowledge that sound consists of compression 
waves in a gas, for example, did not seem par- 
ticularly useful when it was discovered, but without 
this knowledge the telephone could never have been 
invented. 

Twenty years ago, the greatest bomb expert in the 
world, if asked to make the most powerful explosive 
possible, would have delved ever more deeply into 
chemistry. But this research would never have led 
to the atomic bomb. Rather, it was research into 
the structure of the universe, done for its own sake, 
that led to the atomic bomb—and also, when 
methods of controlling the release of energy were 
devised, to the nuclear reactor. 

Probably the best general advice possible was 
given by Ference, who said, “An industrial labora- 


“At the moment it isn’t good for anything 
and doesn’t look like anything! .. . It’s pure 
research, that’s what it is !! !” 


tory must have a balanced program of basic re- 
search, applied research, and development, both 
short range and long range — and only that amount 
of basic work that the laboratory can afford to pro- 
tect against short-term economic fluctuations.” 


Diversification of Research 


There was some difference of opinion as to the 
degree of diversification that should be allowed a 
research group, and how unfettered their efforts 
should be. Some felt that a diversified research 
program is needed by any company, even though its 
products are confined to a narrow field. Others felt 
that the latter company might be expected to limit 
its research program much more severely than the 
company engaged in the manufacture of a wide 
variety of products. 

Bender, for instance, spoke in favor of “The 
serendipitous attitude of unfettered exploration in 
many fields, with the conviction, based on past ex- 
perience, that a certain amount of it will turn out 
to be useful.” He pointed out that such an attitude 
was hardly justified in the highly specialized single- 
product industries so popular in the past. But, he 
concluded, it is particularly attractive these days, 
when most industries have taken significant steps 
toward diversification. “In the aircraft industry,” 
he said, “we never know what we will be designing 
next year—nor even what field of investigation 
will be significant two years hence.” 

Ference thought that an industrial laboratory 
should broadly direct its efforts to scientific or 
technological problems related to the business of its 
company. With this in mind, though, he suggested 
that the limits defined by the laboratory director in 
the general areas of fundamental work should be 
rather wide. For example, we know that there is a 
limit to the amount of fossil fuels available, so this 
provides a broad area for research. So anybody with 
a bright idea related to this problem should be free 
to follow it wherever it leads. 

The kind of research supported by a company is, 
he said, determined by such factors as: 


@ Company orientation. Is the company a raw 
materials processor, as an oil company or a timber 
products company; or is it essentially market-ori- 
ented, such as the pharmaceutical or food products 
companies; or is the company market- and oper- 
ation-oriented, such as the communications group 
or the automobile companies? 


@ Competitive environment. Does the growth of 
the company depend on introducting basically new 
products, such as nylon, polyethylene, or transistors; 
or is it a high-production industry with very nar- 
row profit margins? 


®@ Is the science base of the industry adequate, and 
what is the degree of sophistication of the industry’s 
technology? Is it well established or is it heavily 
weighted toward art and empiricism? 


Huebner pointed out that the most spectacular 
successes have come to companies committed to a 
policy of diversification, in which a large number of 
products are made, each in comparatively small 
volume. In this type of company, the problem of 
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channeling research scarcely arises. Almost any 
new product or process developed by the research 
laboratories can be incorporated into the company’s 
structure. In fact, he said, in these companies or- 
ganization is keyed to continuing exploitation of re- 
search output. 

Huebner classified research organizations into two 
types: the extensive, which is free to range over the 
whole field of science and technology; and the in- 
tensive type, which is confined primarily to studies 
directly related to a major product. The latter 
category would include the petroleum companies and 
the metal-producing companies. 

Research departments in this type of industry 
have, he said, a quite different place in the scheme 
of things. They are not basically a part of the com- 
pany profit structure. Their function is largely to 
learn as much as possible about the one product, or 
very few products, of the company, so that they can 
be made more efficiently and applied more effectively 
to customers’ requirements. 

Research in the automobile industry, he felt, tends 
to occupy a position intermediate between extensive 
and intensive. It shares the lack of integration into 
company profit-making operations characteristic of 
the intensive type but, due to the complexity of the 
product involved, must share with the extensive or- 
ganization an interest in a very broad field of science 
and technology. In effect, he said, in the automobile 
industry, with one exception, we are being asked to 
compete with both common types of research or- 
ganizations without sharing the organizational ad- 
vantages of either. 

In this situation, Huebner continued, the main 
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An Economist 


problem of an automotive research director is to 
decide whether he should cover all fields of science 
that apply to his product, with a comparatively 
meager effort applied to each, or whether he should 
choose one or two of particular interest to his com- 
pany, and try to be in the forefront of scientific 
advance in these fields, while neglecting others that 
may be of equal interest and importance. Which- 
ever course he chooses, he must be particularly alert 
to recognize and follow up any serendipitous dis- 
coveries that may occur. He must also maintain 
sufficient basic coverage and flexibility in his or- 
ganization to take advantage of new discoveries as 
they come along, both in his own laboratories and 
elsewhere. 

He must also resist the temptation to confine his 
work to projects having immediate application to 
products and a relatively high assurance of im- 
mediate success. He should remember that the 
proverb about the bird in the hand does not apply, 
since birds in the bush have a habit of laying eggs 
and producing more birds for future consumption. 


The Case of the Depleted Research Staff 


A real problem facing any research organization 
is the desire of men whe have done research on a 
project to want to follow it through its applied re- 
search stage. To avoid having one’s research staff 
depleted in this manner, it may be necessary to hire 
people on a continuing basis. About half of a task 
group will want to go along into engineering, ac- 
cording to Hafstad. He suggested that the other 
half can be retrieved if one can keep finding more 
exciting things for them to do. 


Discusses Research 


AS ONE indication that industrial research 
has arrived as a vital economic factor, Fer- 
ence quoted the well-known Harvard econo- 
mist, Sumner Slichter, as saying: 


“*Modern economic theory must take fuller 
account of technological research, which has 
introduced fundamental changes into the op- 
eration of the industrial economy. Full recog- 
nition of the contribution of technological re- 
search in negating stagnation and in counter- 
acting diminishing demand is only recently 
being understood. 


“The industry of discovery —the part of 
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technological research that is pursued for 
profit — produces against a rising rather than 
a diminishing schedule of marginal utility. 
Technological research contributes to the ca- 
pacity of the economy to grow because it 
creates investment opportunities and affects 
the demand for capital goods.” 


Such unequivocal statements should re- 
move all doubts as to the importance of re- 
search in industry, Ference pointed out, for 
they acknowledge the fundamentai role that 
research plays in shaping our national and in- 
dustrial economy. 





Turbodiesel Can Compete with 


Future Gas Turbine and 


m pape 


D. T. Marks and N. M. Reiners 


“Cummins Engine 


INCREASING demands for greater specific power 
output may encourage further development of the 
straight gas turbine and free-piston-turbine engine. 
Future improvements in the turbodiesel engine, 
however, should enable it to more than hold its own 
against these engines. 
The gas turbine compares well with the present- 
day piston engine in size and weight, particularly 
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Fig. | — Brake specific fuel consumption comparison of future turbodie- 
sel engine, future gas-turbine engine, and future free-piston engine. 
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when a high-output aircraft turbine engine is com- 
pared to the current heavy-duty commercial diesel 
engine. However, due to the inherent limitations 
imposed by the permissible working temperatures, 
the efficiency of the turbine engine, built with cur- 
rently available materials, is considerably lower than 
the well developed piston engine. 

Another problem that must be considered when 
gas turbines are used in vehicles which continually 
slow down, stop, and accelerate is whether the gas 
coupling between the gas generator and the power 
turbine will provide the required acceleration char- 
acteristics. 

Fig. 1 compares the estimated fuel consumption of 
the possible future gas-turbine engine with that of 
a future turbodiesel engine. This future gas-turbine 
engine presupposes the best possible practical auto- 
motive arrangement and optimistic future compo- 
nent efficiencies to produce the lowest possible fuel 
consum)tion; and yet, this specific fuel consumption 
is still higher than that of the diesel. 

Fig. 2 compares the gas turbine with a conven- 
tional turbodiesel engine equipped with a torque- 
converter transmission. The engines compared have 
been selected to yield approximately the same out- 
put-shaft torque curve. 

The gas turbine comes equipped with built-in 
torque-converter characteristics due to the torque 
multiplying action of the turbine components. 
When the torque converter is added to the diesel 
engine, however, the inefficiency of the converter 
reflects as a loss in the overall powerplant efficiency. 
This results in much higher specific fuel consump- 
tion in lb per output-shaft hp per hr for the turbo- 
diesel engine and places it higher in specific fuel 
consumption than the potential future turbine en- 
gine. 

Thus, the possible future gas-turbine engine would 
be competitive with the*turbodiesel engine in appli- 
cations requiring the use of a torque converter if 
other features such as performance, reliability, and 
durability could also be attained with the engine. 

The principal advantages claimed for the gas tur- 
bine are its simplicity, small size, and low weight. 
The gas turbine can indeed be simple, with few mov- 
ing parts, and it can be built with small, lightweight 
material due to the low stress levels in the structural 
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Free—Piston Engines 


members. However, the overall efficiency of the sim- 
ple turbine is so poor that much complexity is re- 
quired to obtain competitive fuel consumption. Mul- 
tiple staging, intercoolers, regenerators, and the like 
are necessary to increase the overall engine efficiency 
to the point where it can approach even the current 
diesel engine efficiency. These factors have been 
considered in calculating the fuel consumption of 
the future gas turbine engine. 

If the search for high-strength, high-temperature 
materials remove or extend the cycle temperature 
limitation, and if a high degree of reliability, flexi- 
bility, and durability can be attained, the gas-tur- 
bine engine could emerge as a strong contender for 
some automotive markets. 


Free Piston versus Gas Turbine and Turbodiesel 


Fig. 1 shows that the specific fuel consumption of 
the free-piston engine is better than the future gas- 
turbine engine, and therefore, closer to the future 
turbodiesel engine. Its efficiency is better than the 
straight gas-turbine engine because a highly effi- 
cient diesel piston works directly on another highly 
efficient piston compressor to pump the air through 
the engine. 

For a given horsepower output, the current design 
of free-piston engines is much bulkier and heavier 
than the contemporary straight gas-turbine engine. 
The rotary type compressors of high flow capacity, 
and the associated enclosures of the straight gas- 
turbine engines, are relatively small in comparison 
to the large piston compressor and associated mem- 
bers which are required to pump the necessary mass 
flow of air for the same horsepower output in the 
free-piston engine. In an attempt to keep the bulk 
and weight low, all known free-piston engines to 
date use 2-cyc pistons and cylinder components 
which are heavily loaded compared to current com- 
mercial automotive standards. 

Operational problems of starting, idling, control, 
and regulation need further solution in the applica- 
tion of the free-piston engine to a vehicle. If the 
problems of operation, size, weight, and durability 
are satisfactorily solved, the thermal efficiency which 
is inherently better than that of the straight gas- 
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turbine engine, plus the utilization of less critical 
materials would give the free-piston engine strong 
competitive advantages over the straight gas tur- 
bine. 

It is believed that total operating costs will govern 
the engine choice of the future, and it appears on the 
basis of the estimates presented here that the turbo- 
diesel engine will retain its prsent competitive ad- 
vantage for many years to come. 


To Order Paper No.71B .. . 
...0n which this article is based, turn to page 6. 
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Fig. 2— Torque, horsepower, and fuel consumption comparison of gas 
turbine and turbodiesel engines with torque converter at various output 
shaft speeds. 
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Hints on 


How to Design 


LAMINATED Torsion 


Based on paper by 


R. E. Hanslip and L. O. Imber 


The Mather Spring Co 
eae torsion springs may be designed 


e Of narrow plates (standard SAE gages 
2-in. wide and under). These have es- 
sentially a straight-line torque deflection 
curve — and the torque due to secondary 
stresses can be ignored, 

or 

@ Of wide leaves (2.5-in. and over). Here 

the secondary stresses contribute sub- 


stantially to the torque developed by the 
spring. 


The stress limitations of a particular spring can- 
not be described accurately, of course, unless de- 
tails of the application are known. Some recom- 
mend that the maximum shear stress of laminated 
springs for passenger cars be about 130,000 psi... 
about the same as for round torsion bars. (Stresses 
on Volkswagen’s satisfactory, laminated torsion bars 
—which are not preset—are about 75,000 psi 
static.) 

Fatigue tests on the boat trailer spring assembly 
shown in Fig. 1 have shown good life operating from 
75,000 to 125,000 psi — without shotpeening or pre- 
setting. Some settling was experienced, however. 


Fig. 1 — Fatigue tests on this 
boat-trailer spring assembly 
showed good operating life from 
75,000 to 125,000 psi — without 
shotpeening or presetting. 


SAE JOURNAL 





Springs 


In this construction a tube, with apertures to re- 
ceive the springs, is located at the bend of the 
springs. The springs are locked into the tube. 
Thus, the two trailing arms are as nearly as possi- 
ble a part of the tube, and they work in unison. 
The tube then is located in simple bearings with 
implement fit. 

The maximum stresses to which laminated tor- 
sion bars can be subjected, of course, depend on 
whether the bars are preset ... and on whether 
there has been surface preparation, such as shot or 
roll peening. 

In tests, for example, when flat bars were twisted 
to a strain of 0.022 in presetting, they recovered ap- 
proximately 0.015 on unloading. In other words, 
after presetting they could be twisted to a strain 
of 0.015 — which, if the bar was narrow, would re- 
sult in a straight-line torque-deflection curve. 
This 0.015 strain represents a stress of about 170,- 
000 psi— but flat plates in torsion shouldn’t be 
operated near that figure. 

The type of socket used at each end also affects 
the allowable design stresses for laminated torsion 
springs. For instance: Stresses will be lower when 
bars through which torque is transmitted are merely 
put into a rectangular hole than when a socket is 
used. 

Since torque is transmitted from the socket 
through the outside plates, fatigue failures will 


Fig. 2—This “hairpin” 
spring behaves in operation 
very much as the formulas 
say it should. It can be 
likened to the outside bars 
of a laminated pack with 
the middle ones removed. 
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occur in the outside plates. Reducing the thickness 
of these plates could help to insure against failure 
of the bars should too great localized socket stresses 
be added to the torsional shear stress. 

Torque developed in laminated torsion springs is 
substantially that of a single bar of the same width 
and gage used in the pack, multiplied by the num- 
ber of bars in the pack. Bars on the outside of the 
pack do not seem to develop more torsion than those 
on the inside, logic notwithstanding. This is evi- 
denced, for example, in the “hairpin” spring shown 
in Fig. 2, which behaves very much as the formulas 
say it should. This spring can be likened to the 
outside bars of a laminated pack with the middle 
ones removed. Between the flat bars is a conven- 
tional round torsion bar. The flat bars are 4x0.5 
in.; the round bar is 1 9/16 in. in diameter. In 
actual operation, the hairpin spring twists about 
15 deg from end to end under the static load of the 
particular vehicle to which it is applied. This 15 
deg is very close to the calculated angle of the twist. 

Formulas for design of wide plates (which are 
more complicated) are clearly laid out in the text- 
books. .. . But the design resolves itself into a cut 
and try process just the same. When checked ex- 
perimentally, however, the formulas turn out to be 
reasonably accurate as regards the torque de- 
veloped. 

For applications requiring an increasing spring 
rate, the wide-plate designs are ideal. A zero—or 
even a negative — rate has been obtained by some 
experimenters, but the ratio of width to thickness 
of the plates is impractical for such a design. 

It has not been proved that the secondary stresses 
developed in wide plates are beneficial if they are 
compressive. But the maximum principal stress in 
the surface of the plate is reduced from what it 
would be if the secondary forces were zero or posi- 
tive (tension). Since fatigue failures are always 
tension failures, reduction of maximum principal 
stresses would tend to increase the fatigue life of 
the plates. 

In any case, to make the secondary stresses com- 
pressive, plates must be formed with a high twist 
per inch—and then preset toward the flat state. 
Thus, when they are carrying the rated static torque, 
they will be nearly flat. Then compressive stresses 
will be present in the edges of the plates. 


To Order Paper No. 51B... 
...0n which this article is based, turn to page 6. 





Needed: Better Ways to Use 


World's Technical Literature 


(Facts and opinions of interest to SAE mem- 
bers were numerous at a fruitful meeting of 
the Council on Documentation Research at 
Western Reserve University in Cleveland. 
They are reported here by Eleanor Allen, SAE 
Journal’s managing editor, who represented 
SAE at the conference. ) 


OW to make more efficient use of the world’s re- 

corded information was the problem considered 
by 125 representatives of government, education, in- 
dustry, and professional societies forgathered to 
attend a special meeting of the Council on Docu- 
mentation Research. (The Council consists of 35 
scientific, technical, and professional organizations, 
who are working cooperatively on the problem.) 

The meeting was held under the auspices of 
Western Reserve University, which, in 1955, set up 
a Center for Documentation and Communication 
Research to develop new methods for organizing, 
disseminating, and utilizing recorded information. 

Specifically, the meeting was called to discuss a 
plan for the creation of a national center for the 
coordination of scientific and technical information. 

The only specific action that came out of the 
meeting was a resolution that the Council be re- 
quested to ask the National Research Council to 
form a committee to consider the overall problem 
and proceed with the development of a program 
that can gain the support of government, education, 
and industry.* 

Some facts and opinions picked up at the meeting 
are presented below. 


General Facts and Opinions, 
American Achievements 


1. The engineering arts and sciences are very 
well covered by extracting and indexing services. 
(There are 235 aézi services in the engineering field 
alone.) The trouble is really lack of cooperation and 
coordination, which results in costly duplication. 

2. Astart toward cooperation was made in Phila- 
delphia just a week before this meeting. The 14 
nonprofit abstracting services in this country, in- 
cluding those in science and technology, formed a 
National Federation of Scientific and Technical 


* As a result of this request, the Council has indicated 
plans to set up an Advisory Board on Information and 
Documentation in Science. This group will include both 
scientists and information specialists, who are to prepare a 
plan for effective action on the problem. 
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Abstracting and Indexing Services. The purpose of 
this organization (which is to have a full-time, paid 
secretary) is to assist in organizing certain con- 
templated cooperative ventures, such as: 

(1) Exchange of abstracts. 

(2) Exchange of subject heading lists, with a 
view to possible standardization. 

(3) Standardization of scientific terms and ab- 
breviations. 

(4) Development of a manual that describes the 
elements of a good abstract—and how to write one. 

3. There are two points of view as to who should 
develop a national center of scientific and technical 
information. 

The Western Reserve group feels that it should 
be a cooperative venture among government, edu- 
cation, industry, and professional organizations. 
Stanford Research Institute people conclude that, 
due to the hugeness of the job and its tremendous 
cost, it must be government sponsored. (M. L. Kast- 
ens, assistant director of SRI, spoke at the meeting.) 
It appears that SRI will cooperate fully in whatever 
is decided; that is, there is no real competition be- 
tween the two, just differing viewpoints until more 
facts are assembled. 

4. There are 30,000—50,000 responsible technical 
journals being published all over the world, produc- 
ing 500,000—2,000,000 articles annually, with a 10- 
15% annual growth factor. In addition, 60,000 tech- 
nical books are published each year, plus 100,000- 
150,000 U.S. Government documents. The latter is 
increasing at an annual rate of 30-40%. 

5. Engineering Index produces 25,000 abstracts 
annually, Chemical Abstracts 60,000, Battelle Tech- 
nical Review 15,000. 

6. Most a&i services cost more than they earn. 
Exception: Engineering Index has operated in the 
black for many years, due to efficient organization, 
receipt of magazines without cost, etc. 

7. “Pure” scientists refer to foreign sources (in- 
cluding those in English) about 30% of the time; 
“applied” scientists 10%; engineers even less. 


Soviet Achievements 


The Soviet All-Union Institute of Scientific and 
Technical Information was founded in 1952. Its 
function is to accumulate the world’s published lit- 
erature, process it, and distribute abstracts, reviews, 
and compendia quickly. (The American “Chemical 
Abstracts” was used as their model to start.) 

A full-time staff of 2300 specialists is supple- 
mented by 20,000 scientists and engineers, who do 
abstracting and translating part-time. In 1956 this 
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group processed some 8000 journals from all over 
the world, producing over 360,000 abstracts. These 
were published in a series of journals covering the 
physical, biological, and earth sciences. 

Only a few months intervene between publication 
of Western research information and its receipt by 
a Soviet worker in his own language. 

The Soviet Institute does not yet appear to pro- 
vide extensive facilities for systematic searching 
of the literature. Development work is, however, 
being done on mechanized search and retrieval de- 
vices. An English-Russian electronic translator is 
reported in operation. 

Russian operations seem, at present, to be limited 
to the physical sciences, biology, and some branches 
of engineering. Medicine, law, economics, and civil 
engineering, for example, are not included. 


Machine Searching 


1. The need for machine searching stems from 
the fact that, with manual methods, cost of litera- 
ture searches is going up faster than the cost of 
laboratory research. 

2.Altho standard computers can be used for 
searches, they are not as efficient as special search- 
ing machines. A computer can do only one search 
at a time, whereas the special searchers can do 
many searches simultaneously. 

3. The U.S. Patent Office, with Bureau of Stand- 
ards help, has developed a mechanical searching 
machine (known as “Haystack”) to use in patent 
searches. It is now being used for patents on 
steroids. (These patents, like all chemical patents, 
are based on chemical structure.) The information 
was recorded in 6-7 weeks by a corps of patent ex- 
aminers. It was then put on punch cards. Now a 


WESTERN RESERVE UNIVERSITY'S SEARCHING SELECTOR is designed to make | 
Such searches may be interrelated as to scope or be com- 


searches simultaneously. 
pletely independent 
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clerk can produce the answer with the machine in 
a few minutes. The machine gives much better ac- 
curacy than manual searches (where up to one-half 
of the references are apt to be missed). 

Costs of development were recovered in seven 
weeks of operation. With only manual methods an 
examiner would do two or three searches a day. 
Now he can do 15. The machine has been in opera- 
tion only four months. (The system is being offered 
to industry on a cost of reproduction basis.) 

It is being extended to cover other patents. Poly- 
mers and copolymers are now being encoded. One 
examiner is even trying to adapt the system to all 
jet-engine patents (there are over 3000 of them). 

4. Concerning the Western Reserve Searching 
Selector (“The Monster”) which is shown in Fig. 1: 

(1) First step is preparation of telegraphic ab- 
stract, which is equivalent to providing a detailed 
subject index that can be searched by machine. 

(2) This information is then coded automatically 
on IBM cards. 

(3) Card information is next transferred to tapes, 
which are kept on file. 

(4) Machine can be set up to answer 10 questions 
at atime. Questions may be related in part, or not 
related at all. It scans about 25 abstracts an hour. 
The hope is eventually to develop a machine that 
will scan 5000 per min. 

(5) The machine is now working on 150 questions 
obtained by running a little notice in the back of the 
ASM journal, asking for metallurgical questions. 

(6) Questions can be specific and detailed. A 
sample question, “What is the effect of silicon on the 
temperature characteristics of steel?” 

5. Cost of processing (making abstracts and put- 
ting them on the machine) is estimated at $2.50-$15 
per article. 
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Engineering Students Want 


““Today’s engineering students all appear to have about the same line of worries, the same 


information needs . .. whether they study at Miami, Montreal, Boston, Berkeley, or 


points between. The regular pattern of their curiosity sometimes makes my student conferences 


seem like listening to the same record over and over,” says SAE President W. K. Creson. 


Here he records a composite of his talks with students . . . 


by W. K. Creson, President, Society of Automotive Engineers 


Student: “I’ve got some things on 
my mind. Do you mind if I ask 
you a few questions?” 
Creson: “No, I don’t mind. Are the questions some 
you’ve already asked your teachers?” 


S. “Partly. But Id like to have 
some answers from an engineer in 
the field, preferably from one that 
has proved his ability as a chief 
engineer. Wouldn’t you go along 
with this thinking?” 

C. “Partly. Maybe you should cultivate your teach- 

ers on a more personal basis.” 


S. “I sometimes try to. Most of 
them have classes too large for me 
to get very far in this business.” 

C. “Well, suppose we get down to business.” 


Ss. “O.K. I'll soon get my bache- 
lor’s degree in engineering. Have 
you any advice for me as regards a 
career in the profession? You’ve 
spent many years in it, I know.” 
Cc. “I try to avoid positive attitudes in regard to 
other people’s careers. However, I am glad to talk 
to you. Any conclusions you may draw are at your 
own risk, as it usually says in the fine print.” 


S. “When I graduate, should I go 
on and study for a master’s?” 
C. “Yes, by all means, if you have a strong desire 
to do so, and your situation permits. Desire is one 
of your strongest motivations, now and later. It’s 
a key to success.” 


S. “I’ve had a good job offer; would 
you work a year or two before going 
on for a master’s?” 
Cc. “You might find it hard to give up a good job and 
salary, two years hence. Why not continue your 
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education now, when you can be somewhat more 
certain of its accomplishment?” 


S. “I’m going to get married at 
graduation time, but still expect to 
enroll as a graduate student. Am 
I on the wrong track?” 
C. “Not if you can stand the economic pressure. 
The scholastic index of married students is con- 
siderably higher than the average. The hardship 
in such a project rests more upon the wife than the 
husband; are you sure your lady understands this, 
and is going into the deal with eyes open?” 


S. “Eventually I want to make a lot 
of money. Is there anything wrong 
with this attitude? I would like to 
teach, but the salaries are certainly 
nothing to write home about.” 
C. “There’s nothing wrong with wanting a lot of 
money, provided you look upon it as a means, not 
anend. If you feel a strong call to teach, you might 
do well to choose a teaching career. The happiest 
people I know are dedicated teachers. Of course 
all teachers do not qualify as such.” 


S. “I have several good job offers 
from both large and small firms. 
What size of company would you 
pick, if you were in my place?” 
C. “Progress is faster in the small firm, the work- 
ing tasks are more diversified and therefore in the 
beginning possibly less tedious. The large firm may 
offer more security with slower advancement. The 
answer probably lies in your own enterprise index. 
In either case a complete business report, on each 
of the firms you are thinking about, would be in- 
teresting reading for you. Many young engineers 
work for a company a long time before they know 
much about the people who own it, or control it, or 
have future potential as such. A company can be 
a ‘special situation’ where replacements for aging 
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to Know 


As 1958 SAE President, W. K. 
Creson has already traveled 
to talk informally with stu- 
lents and teachers at 38 
leading engineering colleges 
and universities. By the end 
of his term he will have vis- 
ted well over 50 


personnel have not been provided, or recruiting is 
being done for new projects.” 


S. “When I get my engineering 
bachelor’s degree, I’m going on for 
a master’s. But I’m having trouble 
deciding whether to study law, 
business, science, or advanced engi- 
neering. What would you do?” 
C. “Better take a look at your aptitudes and in- 
clinations, also your scholarship index. If you have 
shown exceptional abilities in science and tech- 
nology, you have some responsibility to develop your 
potential in research, possibly teaching. If you 
have an instinct and liking for commerce and in- 
dustry, an MBA won’t hurt you any. The study of 
law is the best mental exercise in handling of ab- 
stract ideas. Whatever your choice may be, get as 
much as you have time for in studies of the social 
sciences, modern languages, and particularly the 
writing and speaking of English.” 


S. “Some of our graduates have 

done pretty well as sales engineers. 

What about sales, as a career?” 
Cc. “It could happen to be just what you are look- 
for. After all, everyone has something to sell, 
whether he’s in research, design, or whatever. So, 
it’s a pretty good idea to learn something about sell- 
ing. For instance, all selling is not ‘hard sell.’ 
Sometimes restraint is a more potent factor. Would 
suggest some reading on this subject.” 


S. “One of my teachers says we 
should be impressed by facts, by 
principles, not by personalities. Do 
you go along with this?” 
Cc. “I’ll buy that. Would suggest you get better 
acquainted with the teacher who said it. He sure 
has packed a lot of wisdom into a very few words.” 


S. “What would you regard as the 
most potent single factor for suc- 
cesss as a professional engineer?” 
Cc. “What a question! There probably is no such 
single factor. Combinations are controlling. A 
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combination of ability and stability is always a good 
risk. Excessive brillance repels people, just as does 
complete lack of imagination. If I had to answer 
your question directly, I would probably select train- 
ing in creative thinking, because in its formal 
practice both imaginative and judicial attitudes are 
developed.” 


S. “What would you regard as an 

engineer’s greatest potential asset?” 
Cc. “On this question I can reply with some con- 
viction. The answer is good health. On a recent 
questionnaire the coeds of a large university were 
asked to list in order of importance the things 
wanted in the future husband. In every return, 
good health stood at the head of the list.” 


S. “One of my teachers is intelli- 
gent, knows his stuff, but I can’t 
seem to learn from him. What 
would you do?” 

C. “Change teachers. You’ll both be happier.” 


S. “One more question. Are you 

impressed with Russian progress in 

technology?” 
C. “Not especially, as it now stands. But their 
rate of progress is something to ponder. The Rus- 
sians are building a large ant hill which some people 
mistake for a rising mountain range. Would you 
like to be a member of their ant colony? It seems 
likely that further education may change the dis- 
position of, perhaps the very nature of, their ants. 
Let’s hope so. And please don’t come back at me 
with the fable of the ant and the grasshopper!” 


S. “Still one more question. Would 

you. recommend study of the Rus- 

sian language?” 
Cc. “Just for mental exercise, if at all. It’s even 
more of a junk pile than English, more disorderly 
than an American automobile grave yard. Some 
usable parts are in it, but they’re sure hard to find 
and salvage. If you have time to spend, it might 
be more profitably spent in improving your handling 
of English.” 
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Electronic Chauffeur 


sed ON paper Dy 


Joseph B. Bidwell and Roy S. Cataldo 


seneral Motors Research Staff 


N THEIR quest for improved personal transporta- 
tion, the auto and electronic industries are study- 
ing automatic control systems for passemger cars. 
An experimental unit of one type, as shown on the 
next page, has already been built and operated. 

Such systems can be expected to provide: 

For the driver and his passenger — improved 
safety and convenience, combined with reduced 
travel time. 

For the public as a whole —increased highway 
capacity, which could lead to reduced highway cost. 


Direct Benefits to Driver 


The driver would be relieved of his duties by his 
electronic chauffeur. He would effectively become 
another passenger, free to enjoy the passing scenery 
or engage in other activities until time to leave 
the automatic road. Elimination of driver error, 
which accounts for about 95% of all accidents, gives 
the driver and passengers a much safer journey, 
presuming unfailing performance for the control 
system. With the problem of driver reaction elim- 
inated, highway cruising speeds could conceivably 
be increased with safety — resulting in shorter 
elapsed times on the automatic road. 

An automatic control system would accomplish all 
this by replacing the sensing, decision, and motor 
functions of the driver. Fig. 1 shows diagrammati- 
cally how these three functions of the driver are re- 
lated to the vehicle, at present. 


Fig. 1—Block diagram showing 
car-driver relations. The driver 
performs the functions of percep- 
tion, decision, and motor outputs. 
He utilizes many senses to deter- 
mine the motion of his own car as 
well as his relation to all of the 
other vehicles in his vicinity. This 
information, combined with his de- 
sire to follow a particular path, 
determines his force and displace- 
ment motor outputs on the car con- 
trols — steering wheel, brake, and 
accelerator. 


64 


Note that, although the principal interactions of 
the driver with the car include three control ele- 
ments, these affect only two car functions: speed and 
direction. The car responds to these inputs in a 
manner determined by its design characteristics and 
this response is sensed by the driver. 

Although the large amount of sensing and decision 
required even for light city traffic makes control 
under these circumstances appear impractical for 
the present, complete automatic control on a limited 
access road does seem feasible. 

Under these circumstances the guidance and speed 
control functions can be satisfactorily accomplished 
with a minimum of sensing and decision equipment. 
Since the desired path of the car is the same as that 
of the road, only the position error of the car on the 
road need be sensed for guidance. The required 
steering correction can then be determined by taking 
into account the car response characteristics in 
order to assume system stability. 

In addition to responding to operator commands, 
the speed control system must operate brakes and 
throttle to maintain a safe spacing from other vehi- 
cles on the road. Thus, the car must be able to 
determine at least the distance to the next car 
ahead. Additional information, such as relative car 
speed, is desirable from the standpoint of system 
efficiency. Since “safe spacing” depends on road 
conditions, this information must also be available. 

To determine the position of the car ahead, it is 
necessary that the actual car sensing equipment be 
based on the road rather than in the car. Fig. 2 
shows the nature of the problem. First, even on a 
straight path, it is difficult to confine the sensitive 
area sufficiently to prevent interference from vehi- 
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Experimental Automatic Control System 


N EXPERIMENTAL automatic control system has been in- 
stalled in a full-scale passenger car (as shown above) and 
actually demonstrated at the GM Technical Center. 


The function of this system is path control, which is acom- 
plished by an electromagnetic system composed of a wire in the 
road carrying an a-c current and a pair of tuned detector coils 
on the front of the car providing command signals for the front 
wheel servo. The a-c produces a magnetic field that defines 
the desired path. In the 2%-mile test loop this wire was in- 
stalled in a groove cut with conventional diamond saw equip- 
ment. Forty watts of 2000-cps power has been sufficient for 
this entire length. Path error is detected by comparing the 
rectified output of two tuned coils mounted at the car front. 


This information, along with car speed and pitman shaft posi- 
tions, is supplied to the electronic control mounted in the glove 
compartment. This printed circuit assembly determines the 
proper front wheel angle to maintain a stable course and actu- 
ates an electrohydraulic servo valve to position the front wheels. 
Power for the front wheel servo is obtained from an engine 


driven pump. It is applied to the wheels by a conventional 
linkage booster hydraulic cylinder. 


The other function that must be performed in automatic car 
control is obstacle detection. To date, no cars have actually 
been controlled by such a system. Most of the detection sy- 
stems so far are limited to detecting the presence of large me- 
tallic objects such as a car. Reliance must be placed on high- 
way design to prevent other dangerous obstacles from getting 
into the path of traffic. 


Progress in this direction is represented by the GM Unicontrol 


car control in which throttle and brakes are operated by electric 
signals. 


RCA has also demonstrated techniques for path error detec- 
tion and obstacle detection. Their system utilizes a vehicle 
detector unit for each 20 ft or about 264 per mile. These are 
relatively simple and would not add significantly to road con- 
struction. 
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cles or stationary objects adjacent to the desired 
path. Even if a sufficiently narrow beam were at- 
tainable, car based equipment has no information 
about the future course of the road, and therefore 
may detect objects that have no significance because 


of the road path. Worse, it may fail to detect an- 
other car in the same lane on a road curve. Similar 
discrimination problems exist for vertical contour 
changes. 

It must be noted that the ultimate safety improve- 
ment to be attained depends strongly on the relia- 
bility of the control system. Good reliability is not 
an inherent virtue of even relatively simple elec- 
tronic systems today. Certainly improvements in 
components and in the system design can be ex- 
pected to advance this characteristic continuously. 
Before the overall automatic highway system safety 
is as good as our present driver-car system, the con- 
trol must be at least as reliable as the driver. At 
present, driver failure accounts for one fatality in 16 
million miles of operation, and only one accident re- 
sulting in any property damage in over 60,000 miles. 
This is, indeed, a difficult goal to achieve with elec- 
tronic control. It is even more difficult to approach 
the ultimate goal of reduced fatalities when it is rec- 
ognized that our present mechanical elements have 
a reliability about 20 times better than the driver, 
and for the automatic control system to compare 
with mechanical reliability, we should expect them 
to cause no more than one fatality in about 320 mil- 
lion miles nor any property damage more frequently 
than once in 1 million miles. 

One should not conclude from this that improved 
safety is an unattainable goal using electronic con- 
trol. Indeed the extremely high reliability already 
achieved with the mechanical system has come 
about only through continued development effort. 
Similar improvement can be expected as a result of 
research and development of electronic technology. 
It should be recognized that automatic car control is 
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Fig. 2— Limitations of car based sensing systems. 


still at the point of determining how to accomplish 
the desired end at all rather than being able to apply 
it immediately and secure all its ultimate benefits. 


Indirect Benefits 


Cost reduction of the vehicle-highway system is 
an indirect benefit that will come about as a result 
of the increase in highway capacity available by uti- 
lizing automatic speed control. Replacement of 
driver perception and reaction time by a much 
shorter system response time will permit much closer 
vehicle spacing at all speeds. 

At present drivers appear to follow a spacing rela- 
tion of the following general form: 
-A+BV+DV? 


S (1) 


min 


Where: 


Sin = Minimum car spacing center to 
center, ft 


V = Vehicle speed, fps 
A, B, and D = Constant coefficients 


This spacing relation results in a road capacity 
(maximum steady state traffic volume) that varies 
with speed as follows: 


V 


A+BV+ DV? (2) 


C (cars/sec) = 3 


min 


These relations are illustrated by curves 1 in Fig. 3. 
For typical highways the values of A, B, and D may 
be determined by curve fitting to observed capacity 
data. A good fit to observations is obtained with A = 
40 ft, B= 0.2 sec, and D = 0.016 sec?/ft. This results in 
a maximum capacity/lane of about 0.55 vehicles/sec, 
with this maximum occurring about 50 ft/sec. 

With an automatic speed control system the sys- 
tem response time could be made very small and will 
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be neglected in the following determination of auto- 
matic road capacity. If we allow the minimum car 
spacing (S,,;,) to equal one car length plus the dis- 
tance required for a car to come to a complete stop 
from its cruising speed then: 


yp? 


snctinta ”* 


(3) 
Where: 


L =Car length, ft 
Onex = Max available deceleration (constant dur- 
ing stop), ft/sec* 


If such a spacing were maintained the capacity 
relation would be: 


; (4) 

2nax 

This is similar to the form now followed by drivers 
except for elimination of the reaction time. The 
quantitative effect on spacing and capacity can be 
seen by substituting for L and a,,,,. Letting L = 20 ft 
and 4d,,,,=20 ft/sec? (for dry pavement) we obtain 
the capacity relation shown by the curves 2 (Fig. 3). 
The spacing must, of course, be increased and the ca- 
pacity decreased if weather conditions reduce the 
tire-road friction. Therefore, these curves apply to 
dry road operation and road condition compensation 
must be incorporated into the automatic control sys- 
tem. It is interesting to note that at speeds in ex- 
cess of about 50 fps, drivers maintain a smaller spac- 
ing than such an automatic control would permit. 
This is an indication that drivers utilize information 
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Fig. 3 — Spacing functions and resulting highway capacity. 
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in addition to the distance to the car ahead. This 
may incorporate observations of cars beyond that 
immediately ahead of perhaps some perception of 
the speed of the nearest car. 

A large increase in road capacity is attainable if 
the velocity of the leading car is also available to the 
automatic control system. If the velocity of the lead 
car is denoted V, and its maximum by d@,, the velocity 
of the following car V, and its maximum decelera- 
tion a,, then the minimum safe following distance is: 


Ve"; Fe" 


Sum = 4+ 30 ~ 3a, 


L+32|1-z| 


Sn in 2 K, 


Where: 
K, = V,?/V,’ 
K, = ,/a, 
V = V, = Velocity of following car 
a = a, = Max deceleration of following car 


For such a spacing relation the capacity (C) is: 


V - 
7? [,_% 
2a K, 


C=- 
L 


(6) 


It will be seen that these expressions reduce to 
those previously given by equations 3 and 4 when the 
velocity of the first car is zero. This expression for 
minimum safe following distance takes account of 
the distance required for the leading car to stop. 
Theoretically, if both cars were operating at the 
same speed and were capable of equal deceleration 
rates, the required spacing would be just the length 
of the cars. This is the situation of a train of vehi- 
cles linked together. In a practical situation, ac- 
count must be taken of variations in the stopping 
ability of the vehicles, but a large increase in capac- 
ity is possible, especially at higher speeds— if a 
spacing relation of this type is used. For example, 
the steady state spacing and capacity relations for a 
system with a=20 ft/sec’, K,=1, and K,=1.5 is 
shown by curves 3 in Fig. 3. 

It can be seen that an automatic control of this 
nature can double highway capacity especially at the 
higher speeds that may be practical with automatic 
control. Clearly, this spacing function will not pro- 
vide sufficient stopping distance to prevent collision 
if the lead vehicle is stopped with an acceleration ex- 
ceeding 1.5 times that of the following car. This 
might occur because of some system failure, which 
permits the lead car to collide with an undetected 
fixed object, for example. It is thus essential that 
the physical highway design be such as to prevent 
cross-over of oncoming traffic or entrance onto the 
road of vehicles or other objects, which could initiate 
such an accident. Even with the longer spacing 
given by equation 3 or the observed performance of 
drivers, an accident could occur if some object en- 
tered the road from the shoulder when the distance 
to the next car is less than S,,,,. To avoid a chain of 
accidents in such an event it might be necessary to 
provide a car with information about the spacing of 
cars beyond that immediately ahead. 


To Order Paper No. 66C ... 
...0n which this article is based, turn to page 6. 
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Fig. 1— Four components of Comprex diesel supercharger. 


Both compression and expansion take place 


within one rotating element. Air is compressed directly by exhaust gases. 


The COMPREX Diesel 


... does job of a turbocharger, but 


phenomena fo gain simplicity and 


Based on paper by 


Max Berchtold 


|-T-E- Circuit Breaker Co 


HE Comprex diesel supercharger, developed by 

I-T-E Circuit Breaker, is capable of delivering 
high density air over a wide range of engine speed 
and permits immediate load changes without lag 
and smoke. These performance characteristics 
have been proved in field tests, conducted coopera- 
tively with Caterpillar Tractor, which also showed 
this simple, rugged, low-speed device to be especially 
well suited to small-sized engines where high turbo- 
charger efficiency is hard to achieve. 

The Comprex has one rotating element within 
which both compression and expansion take place. 
Its four components are shown in Fig. 1. The ex- 
panding gas acts directly (in physical contact) on 
the air to be compressed, the action occurring 
within the straight passages of the rotor. The ro- 
tation serves only as a means of connecting each 
channel with the desired port at the desired time. 
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Consecutive compression and expansion waves tra- 
verse the channels thereby transmitting energy 
from one gas to another. In the Comprex, the 
theory of nonsteady flow permits an accurate anal- 
ysis of a cycle in order to optimize such parameters 
as air- and gas-intake temperatures, air intake and 
discharge pressure,*air and gas mass flows, porting 
arrangements, rotor size and speed. 


principles of operation 


Following one of the rotor channels through a 
complete cycle will explain actual operation. As a 
single channel of the rotor passes by a stator port, 
it is opened and closed. This is equivalent to a pipe 
with valves A, B, C, and D, as shown in Fig. 2. 
Valves A and B are located on one side of the chan- 
nel and control the airflow; valves C and D on the 
other side of the channel control the exhaust gases. 
Valves B and D control the high-pressure portion of 
the cycle, whereas valves A and C connect the pipe 
to ambient pressures. 

The cycle begins when the channel contains air 
at rest and at ambient pressure; all valves are 
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Fig. 2— Principle of Comprex operation illustrated by a single rotor 
channel. Valves A and B control airflow; valves C and D control ex- 
haust gases. Valves B and D control the high-pressure portion of the 
cycle; valves A and C connect pipe to ambient pressures. 


Supercharger 


employs different 


efficiency. 


closed. First, valve D is opened and the hot gas 
which is at a pressure greater than ambient enters 
the channel and pushes the air ahead. A pressure 
front is created, which travels at approximately the 
speed of sound through the channel, while the front 
of the hot gas, called the interface, travels slower 
and lags behind the shock or wave front. Wherever 
the shock front has passed, the air pressure has 
risen and the gas has started to move. 

Valve B now opens to receive the arriving com- 
pressed air and closes again before the hot-gas 
interface arrives. Valve D has been closed earlier, 
resulting in an expansion wave which emanated at 
valve D. This expansion wave travels at approxi- 
mately the speed of sound and wherever it has 
passed, the pressure has dropped and the flow 
stopped. In this first phase the air is replaced by 
hot gas, and the energy originally contained in the 
gas has been passed on to the air. 

When valve C is opened, the gas in the tube is 
still above ambient pressure. Therefore, a second 
expansion wave is generated, this time accelerating 
the hot gas and resulting in outflow of this hot gas 
into the exhaust port. When this expansion wave 
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Fig. 3 — Rotor of Comprex supercharger has as many as 35 passages. All 
participate simultaneously in different phases of the cycle. The many 
channels provide a continuous flow of compressed air through the com- 
pressed-air discharge port. 


reaches valve A the entire hot-gas column, now at 
ambient pressure, is in motion, and by opening valve 
A fresh air is drawn in. Both valves C and A are 
kept open until the head of the fresh air reaches 
valve C and the channel is fully scavenged. Valve A 
can now be closed since the air column has a for- 
ward motion toward valve C. A third expansion 
wave is created which lowers the pressure in the 
tube slightly below ambient pressure. When the 
entire air column in the channel has come to rest, 
valve C is closed and the cycle starts over again. 

The creation of the vacuum by closing valve A be- 
fore valve C is advantageous for the supercharger 
inasmuch as the gases, after the opening of valve 
D, enter the channel at higher speed due to a higher 
pressure differential. Moreover, some pressure drop 
through an air cleaner in the intake and a pressure 
drop in the exhaust can be tolerated. 


method of valve timing 


Valve timing of the actual Comprex is accom- 
plished by the motion of the rotor between two sta- 
tor plates which have ports so arranged as to con- 
trol conditions for a cycle. There are many (for 
instance, 35) passages in the rotor all of which par- 
ticipate simultaneously in different phases of the 
cycle. The multitude of channels results in a con- 
tinuous flow of compressed air through the com- 
pressed-air discharge port. For symmetry, each 
stator has two sets of ports, which means that two 
complete cycles are made as a rotor channel makes 
a full revolution. Fig. 3 shows an unwrapped pic- 
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COMPREX 
Diesel Supercharger 


. continued 


ture of the rotor. Here the pressure and flow con- 
ditions, the position of the wave fronts and inter- 
faces, are shown during each phase of the cycle. 

Being essentially a valve which does not produce 
shaft power, the Comprex has to be driven to over- 
come bearing friction, windage losses, and to add 
angular momentum to the air entering the chan- 
nels. If the flow angles are properly chosen, the 
required drive power can be reduced to less than 
15% of the engine output. 


wide range of operation 


The Comprex operates over a wide range of pres- 
sure, mass flow, and rotor speed, as the following 
indicates: 

(a) If the pressure of the incoming exhaust gas 
decreases, the flow velocities decrease and, as a re- 
sult, the gas and air mass flows become smaller. 
The speeds of the waves do not change substantially. 
The desired speed of the rotor, therefore, remains 
essentially constant. 

(b) If the compressed-air mass flow is reduced at 
constant exhaust-gas pressure, a second compres- 
sion wave is generated at the opening edge of the 
pickup port, causing the flow velocity in the pickup 
port to decrease and the pressure to increase. This 
results in higher exhaust velocities for the low-pres- 
sure gas and a stronger suction on the fresh air. 

(c) If the speed of the rotor is changed, the tim- 
ing of the waves deviates from the optimum condi- 
tion. However, since the channels do not open or 
close instantaneously there is a certain time lati- 
tude for the waves to arrive. This means the speed 
can be varied within + 10% with only a small loss in 
performance. 


application to a 4-stroke diesel 


Proper matching of the supercharger to the diesel 
engine is important to obtain the most desirable en- 


gine characteristic. Torque characteristics, re- 
sponse requirements, altitude and climatic condi- 
tions, must be considered. 


COMP. HOT GAS 


HECK VALVE 


Fig. 4 — Schematic of control elements needed for starting and low-load 
operation of a diesel engine with Comprex supercharger. 
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The engine speed for optimum timing of the Com- 
prex is determined by the belt-drive ratio and the 
relative setting of the cold and hot stator. As the 
engine speed deviates there is a falling off of Com- 
prex efficiency due to increasing mistiming. This 
results in a drop of the delivered air density and, 
therefore, a drop in the air available for combustion. 
By changing the drive ratio and the stator setting 
the maximum bmep curve can be affected. 

There are many engine applications where a com- 
promise in the torque curve in favor of a simple me- 
chanical drive is preferable. The envelope of all 
curves with different stator settings in combination 
with a fixed ratio drive represents a desirable en- 
gine speed torque curve. And mechanical means 
to take advantage of this characteristic has been 
designed. It consists of an adjustable plate between 
the face of the cold stator and the rotor which per- 
mits constant Comprex efficiencies over a large en- 
gine speed range in conjunction with a simple belt 
drive. The plate is positioned automatically as a 
function of Comprex speed in order to establish 
proper wave timing at all engine operating speeds. 
Operating at higher speed with the proper stator 
setting and therefore the best wave timing, the 
Comprex is capable of furnishing more airflow than 
it would at lower speed with the respective stator 
setting. 

Since this characteristic matches the requirement 
of the engine, the Comprex with adjustable stator 
plate allows ideal airflow matching between the two 
components. It makes possible choosing the size 
of the Comprex so that the pressure difference be- 
tween the air manifold and the exhaust manifold 
stays within desirable limits over a wide engine speed 
range. This makes for good scavenging of the diesel 
as well as the Comprex and results in lower air mani- 
fold temperatures. Actually, the Comprex with au- 
tomatically positioned stator plate has a character- 
istic similar to the turbocharger with variable noz- 
zles. 


operating problems 


Although the combined efficiency is high at low- 
pressure operation, the minimum required exhaust 
gas temperature for proper Comprex operation is 
higher than the available engine exhaust gas tem- 
perature during low-load and idling operation. 
Hence, the Comprex cannot furnish the airflow 
needed by the engine. The air box pressure falls 
below the exhaust manifold pressure, and the Com- 
prex is no longer properly scavenged. The recircu- 
lation thus induced leads to undesirable carbon de- 
posits in the intake manifold. 

The trouble is overcome with an automatically 
operated butterfly valve between the Comprex and 
the engine, which maintains the air pressure of the 
Comprex discharge at a pressure equal to the ex- 
haust manifold pressure. The throttling valve can 
be operated directly by a membrane on which the 
air box pressure acts on one side and the exhaust 
gas pressure on the other. 

Engine starting offers another difficulty. The 
Comprex is running too slowly for proper wave tim- 
ing since the cranking speed is about 0.1 full en- 
gine speed. Here the same butterfly valve enables 
starting since no exhaust gas is admitted to the 
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engine as long as the valve is closed. A spring in 
the membrane actuator holds the butterfly closed 
as long as Ap remains zero. An alternate air intake 
becomes necessary. A check valve which opens 
when the air box pressure falls below ambient pres- 
sure serves this purpose and facilitates starting. 
Fig. 4 shows the cortrol elements. 


variations in drive 


Power required to drive the Comprex is 1.2% of 
the engine shaft power output. Where a belt drive 


Tailoring Suspensions. . 


... would give trucks a better ride and longer life. Possibilities of leaf springs are by no 
means exhausted for many applications. 


C. W. Bartlett, Spring Perch Co., Ir 


vision of Eaton Mfg. Co 


USPENSIONS should be tailored to the use to 

which the commercial vehicle is to be put. Vehi- 
cles in the light-, medium-, and heavy-duty class 
require different types of tailoring to get the best 
results. 

Light weight vehicle problems, the hardest to 
work out, can be solved by using a secondary auxil- 
iary spring suspension to handle the additional pay- 
load over and above light loading. This suspension 
should be capable of carrying normal overload. 

Take, for instance, a light vehicle which has a 
rear-axle loading of 2600 lb, giving a 1300-lb loading 
on each rear spring. A 300-lb rate main spring 
would give this vehicle a much better ride and a 
low period, which could be matched by a front sus- 
pension of equivalent deflection. Then, to carry 
any type of load, auxiliary springs of various rates 
could be installed. 

In this case, the rear main spring should be much 
longer than the present spring. And it should be 
wider, with a main leaf of sufficient cross-section 
to serve as the connecting link between axle and 
chassis without other mechanical or structural 
members. The auxiliary spring would be long and 
have a cam action contact such that in its deflection 
the centers of contact would be shortening continu- 
ally and thus building up the rate. Long main 
springs of few leaves could well be suspended be- 
neath the axle, providing an opportunity to install 
the auxiliary spring above the axle independent of 
the main spring. ; 


Springs for Medium Weight Vehicles 


This class of vehicle is best represented by the 
over-the-highway tractor, which is seldom over- 
loaded and rarely driven without the load of a 
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is undesirable, a hydraulic drive can be used in con- 
junction with a constant volume control flow valve. 
For narrow engine speed range using torque be- 
tween 100 and 60% engine speed, the fixed ratio 
drive is most suitable. In the case of a flat or rising 
torque curve between 100 and 40% engine speed, 
the fixed ratio drive and automatically positioned 
stator plate offer the most desirable characteristics 


To Order Paper No. 63A... 
~~ ...0n which this article is based, turn to page 6. 


trailer. Because of the constant and uniform load- 
ing, auxiliary springs are not needed. Exceptions 
to this would be special types of vehicles such as 
tank trucks and cement mixers having varying loads. 
Here, the standard loads could be suspended by a 
main spring of sufficient deflection to gain a ride, 
and auxiliary springs for the overload. 

The front springs on this intermediate class of 
vehicle should be no longer than now standard and 
have a minimum deflection of 4 in. under normal 
load. In most cases the normal load will be close 
to the light load, since a small percentage of the 
payload is imposed on the front spring. 

If the front axle is to be pushed or pulled, the leaf 
spring is the ideal tie and will result in a cheaper 
installation. As the ride of the medium weight 
truck improves, and this over-the-highway vehicle 
is driven faster and requires more control, it might 
be advisable to add shock absorbers to the front 
axle to gain the needed control. 


Heavy-Duty Truck Suspensions 


Ride is not an objective in off-the-highway haul- 
ing. Shock loading and rough terrain require 
rugged, heavy suspensions. But move this type of 
vehicle out of the field and onto the highway for 
high-speed freight service and startling innovations 
for dual-axle suspensions will appear. 

The suspension of tandem axles which promises 
the greatest improvement in ride probably will be 
a combination of a beam and spring suspension 
where the long leaves will act as the riding members 
of the lighter loads. As these deflect, the shorter 
leaves of a conventional spring will engage and the 
rate will increase materially. The suspension using 
as much of the spring as possible for structural 
members as well as for suspension, will be the one 
affording the lightest combination in the long run. 
Here, weight is a factor to be given considerable 
thought. 

To Order Paper No. 51A... 
...0n which this article is based, turn to page 6. 
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high compression ratios bring a new problem... 


Rumble 
Combustion 


Fig. 1 — Multiple surface ignition during engine rumble is 
shown in left-hand flame front diagram. Normal Com- 
bustion is at right. 

Deposits were built up for 16 hr at 2800 rpm and 50% 
load and then for 8 hr at 2000 rpm and 25% load using In- 
dolene 30 fuel. Engine temperature was stabilized at 2000 
rpm and 50% load using a leaded alkylate fuel. The 
throttle was opened to produce rumble. Rumble lasted 
three minutes before deposits were burned off. 


Normal 
Combustion 
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THIS article is based on the following papers 
given at an engine noise session during SAE Sum- 
mer Meeting. 


“Thudding in High Compression Ratio Engines” 
by W. E. Morris and D. C. Fariss, £. |. du Pont 
de Nemours & Co. (61C) 


‘“‘Rumble—A Deposit Effect at High Compression 
Ratios” by A. E. Felt, J. A. Warren, and C. V. 
Hall, Ethy! Corp. (61D) 


‘Knock, Knock — Spark Knock, Wild Ping, or 
Rumble?” by R. H. Perry, Jr. and H. V. Lowther, 
Socony Mobil Oil Co., Inc. (61E) 


“Knock, Rumble, and Ping” by H. F. Hostetler 
and W. R. Tuuri, Standard Oil Co. (Ohio) 
(61F) 


“Engine Pounding — Its Cause and Control’ by 
J. L. Bame and R. G. Tuell, Shel! Oi! Co. (61G) 


“Investigating Rumble in Single-Cylinder En- 
gines’ by J. A. Robison, M. D. Behrens, and R. 
G. Mosher, Ford Motor Co. (61H) 


“If You Squeeze Them, Must They Scream?’ by 
Warren M. Wiese, General Motors Corp. (613) 


The two other papers at the session which will 


be reported on separately are: 


“A New Look at High Compression Engines’’ by 
D. F. Caris and E. E. Nelson, General Motors 


Corp. (61A) 


“Starting and Stopping Modern Engines — New 
Combustion Problems’ by V. F. Massa, Esso 


Research and Engineering Co. (61B) 


Papers 61B — 61J will be combined with the fol- 
lowing engine noise papers given at the National 
Fuels and Lubricants Meeting in a Special Publi- 


cation (SP-157 — Price: $4.50). 
“Abnormal Combustion 


nental Oil Co. (105A) 


‘Customers’ Antiknock Ratings” by Lamont El- 
tinge, H. R. Taliaferro, and T. O. Wagner, Stan- 


dard Oil Co. of Indiana (105B) 


“Road Antiknock Performance and the Boiling 
Range of Hydrocarbon Types”’ by F. D. Buerstetta 
and W. C. Healy, Jr., Ethyl Corp.; and L. A. 
McReynolds, H. C. Walters, and Raymond Rohde, 


Phillips Petroleum Co. (105C) 


All of the papers may also be ordered individually. To order, 


turn to page 6. 


in High-Compression 
Single-Cylinder 3 gl by R. W. Young, Conti- 
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RUMBLE 


Multiple ignition caused by deposits may be the barrier 


to hurdle as compression ratios push past 10:1 and 12:1. 


Fuel additives could be the solution. 


46] F ADDITIONAL increases in compression ratio 

are to be practical, efforts must be concentrated 
on minimizing abnormal combustion, lest it become 
the limiting factor on further usable compression 
ratio increases.” 

A new noise, called rumble is appearing in pas- 
senger cars with 10:1 to 12:1 compression ratios. 
It sounds like a broom being drawn across a picket 
fence. It is distinct from the high frequency spark 
knock or wild ping most people have heard. Exten- 
sive testing places a high rate-of-pressure-rise in 
the combustion chamber as the cause of the noise. 
This increase in pressure rate is thought to vibrate 
engine parts such as the connecting rods and bear- 
ings which in turn produce the sound. 


detecting rumble 


Two basic methods have been used to detect and 
define rumble—ion gaps to detect flame front 
travel and analyzers to measure combustion cham- 
ber pressure. The first method establishes the ex- 
istence of multiple ignition, probably due to hot 
engine deposits. The second shows the effect of 
multiple ignition on the engine cycle. 

Twenty-nine ion gaps were installed in a single- 
cylinder engine at Ford. These gaps give a pictorial 
view of the passage of flame fronts. The flame ion- 
izes the air and the gap becomes a conductor in an 
electrical circuit as soon as the flame front reaches 
it. The existence of multiple ignition during rumble 
is definitely proved by the pattern in Fig. 1. For 
comparison purposes an ion gap picture of normal 
combustion is also shown. During the tests, the 
rumble was stable in that it did not develop into 
run-away preignition. By removing the deposits in 
the cylinder one area at a time, it was concluded 
that the piston deposits were the major cause of 
rumble in this case. 

Using a 1957 passenger car engine with one cyl- 
inder increased in CR from 8:1 to 12:1, Ethyl Corp. 
recorded pressure-time diagrams of the high CR 
cylinder under normal, knock, and rumble condi- 
tions. At the same time a microphone placed near 
the engine picked up the noise level. Both p-t and 
sound values are given in Fig. 2. The rate-of-pres- 
sure-rise for an engine with rumble is eight times 
greater than normal. Peak pressure is twice normal 
(600 to 1200 psi). 

In both of these test cases, rumble was forced 
by first building up deposits in the engine and then 
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opening up the throttle. Rumble decreased as the 
deposits were burnt off at WOT operation or re- 
moved mechanically. 


what affects rumble 


Engine design and operating conditions, fuel, and 
lubricants are the three variables that can affect 
rumble. 

Some of the observations made on engine param- 
eters during rumble tests are: 


@ Above compression ratios of 11:1, differences 
in design of present combustion chambers has little 
effect. This does not mean that the design of the 
chamber cannot influence rumble. 

@ Air-fuel ratio for best power increases the in- 
cidence of rumble. Overrich or lean mixtures tend 
to suppress rumble. 

@ Rumble grows with an increase in compression 
ratio. This happens with fuels that just satisfy 
the octane requirements of the engine or have oc- 
tane numbers to spare. 

@ Spark plug heat range materially increases 
rumble as hotter plugs are used. This is almost a 
contradiction since plugs must be “cold” enough to 
dissipate high heat loads at full power and yet “hot” 
enough to prevent fouling at slow-speed driving. 

@ High engine speeds aggravate rumble, at least 


te 
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Four Types of Abnormal Combustion Noises 


Thud and rumble are low-frequency noises compared to 
the high-frequency spark knock and wild ping. Thud in 
high-compression ratio engines usually requires WOT, high- 
speed and high-spark advance. Without spark knock, thud 
is essentially independent of fuel type. 


WITHOUT 
SURFACE 
IGNITION 


WITH 
SURFACE 
IGNITION 
SPARK WILD 
PING 


AUTOIGNITION 


HIGH RATE OF 


PRESSURE RISE RUMBLE 
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Rumble ... continued 


until some of the deposits are burned off. 

@ Water jacket temperature increases have a 
Slightly detrimental effect, while atmospheric tem- 
perature and humidity have a negligible effect. 

@ Spark advance can increase rumble in some 
cases. One example was the advancing of the spark 
from 5 deg ATC to 5 deg BTC. Ion gap studies re- 
flected in Fig. 1 show that multiple ignition occurs 
after the spark plug fires. 


fuels affect rumble 


Perhaps the most marked differences in rumble 
occurred when fuel type was varied. In general, 


the aromatics are poor and the paraffins are good. 
The fuel problem breaks into two parts; the fuels 
that do not form deposits or at least form deposits 
that do not act as surface ignitors, and those fueis 
which will not ignite if hot deposits are present. 
Tests run at General Motors using a two-car 
latin-square arrangement show that high-aromatic 
fuels produce more rumble from both standpoints. 
Tables 1, 2, and 3 tabulate the effect of aromatic 
deposits alone, aromatic fuels alone, and the com- 
bination of the two. In addition to rumble, the oc- 
tane requirements of the high compression ratio car 
can be increased from 1 to 3 numbers if high-aro- 
matic fuels are used. This is contradictory to pre- 
vious tests with high-aromatic fuels, however, the 
presence of deposits during the GM tests may ac- 
count for the poorer octane performance of the fuel. 
Eight cars were used in the 300,000 total miles of 
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CRANK ANGLE, DEGREES 
RUMBLE WITHOUT KNOCK IN AN ENGINE WITH DEPOSITS 


Fig. 2— Rumble and knock were induced in an engine by 
building up deposits and lowering the octane rating of the fuel. 
The upper portion of the diagrams are cylinder p-t curves while 
the lower trace is the output of a microphone located near the 
engine. The pressure and noise frequency data for the four 
diagrams are: 


DOUALA UAAEDRREUEEAA UNE EEDUU 


74 


> ipyinergvneeevnnepneeeeenetseneyeneeDONRPOAENEANADOOAELODEDEDOUDDOADOUAELEEELEOEDDSURDDIUEDOSELENLUESLOOLTTNETUUEDEEUDEOEDEOOEUDEGTUODUEAEETLEAUOPUESODEGAETOEDDOEDOAEDEAAEDEROLOGEOODDOONEDLOEEUOFEEONEDINDOGABEOVELDONDUONEASEOLODELUCELIONTIOODOELINODERONOERDIOORELHONDELONLETARDOOEDTONDEOEDAESAONEODUERDUOODURDDOEAEDONE 


SHAAN NONE HENNE 


toeeeneenennneets 


Knock Rumble Rumble & 


Knock 


Normal 
Combustion 


Rate of pressure 

rise, psi per deg 16.5 16.5 124 124 
Peak pressure, psi 600 600* 1200 1200 
Noise frequency, cps — 4800 1100 1100 & 4800 
"Immediately prior to knock 


UUUPULOREORUDEDOUEU EA RGNEUEOEEAGECEOEEL ER DUG TOMER CEC IEL oe oeeni oD 


5 


SAE JOURNAL 





deposit formation and testing. Compression ratios 
ranged from 10:1 to 10.25:1. The high-aromatic 
fuel was a 108-octane prototype gasoline with 52% 
aromatics while the low-aromatic fuel was a blend 
of commercial premium and aviation alkylate gaso- 
lines with a 14% aromatic content. 

Confirmation of these rumble results were found 
in tests run by Standard Oil Co. (Ohio) and Ethyl 
Corp. 

There also are marked differences in rumble be- 
tween aromatic fuels with high and low boiling com- 
ponents. Two blends of 20% aromatic fuels tested 
by Ethyl Corp. had a three to one difference in sur- 
face ignition. This was due to a high boiling point 
solvent in Blend A. Table 4 gives a description of 
the two fuels. Fig. 3 demonstrates similar GM re- 
sults with two high-aromatic fuels having a 50 F 
difference in distillation temperature at the 90% 
point and an 85 F difference in end point. 

The interest in the rumble properties of aromatic 
fuels comes from the fact that aromatics are a con- 
venient method of obtaining high octane number 
gasoline. Since rumble is adversely affected by in- 
creasing compression ratio, the aromatics that will 
prevent spark knock can limit compression ratio 
because of poor rumble quality. 

Olefin concentration in a gasoline may well intro- 
duce more rumble than high-boiling aromatics. Re- 
placing the 40% of light alkylate in a test fuel with 
a volatile olefin (catalytic naphtha) increased the 
surface ignition rating by 72%, tests at Ethyl show. 


phosphorus additives cut rumble 


One solution to rumble is to find an additive that 
that will do the same thing that TEL did for spark 
knock. Several compounds of phosphorus already 
have greatly reduced though not eliminated rumble. 
Some of these compounds are tricresyl phosphate, 
chloropropyl thionophosphate, and dimethyl meth- 
oxymethyi phosphonate. Additive concentrations 
up to 0.5 theory are required for rumble suppression. 

The difference between a phosphorus and TEL 


Tabie 1 — Effect of Aromatic Deposits 


Total 
Surface 
Ignition* Rumble* 
and % 
Rumble, 
% 


Average 
Octane 
Require- 
ment 


Commercial Reference Fuels: 
High-aromatic deposit 
Low-aromatic deposit 


99.3 65 
98.9 40 


Difference 0.4 25 


Significant difference no 
(95% confidence level) 
Aromatic Reference Fuels: 
High-aromatic deposit 
Low-aromatic deposit 


100.3 65 
99.9 35 


ae 


Significant difference no 
(95% confidence level) 


* Per cent of total test observations during which surface 
ignition or rumble was objectionable. 


7 Difference 
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Table 2 — Effect of Aromatic Reference Fuels 


Total 
Surface 
Ignition* Rumble* 
and % 
Rumble, 


‘oO 


Average 
Octane 
Require- 
ment 


High-Aromatic Deposits: 
Aromatic Reference 
Puels 
Commercial Reference 
Fuels 


Difference 


Significant difference 
(95% confidence level) 
Low-Aromatic Deposits: 
Aromatic Reference 
Fuels 
Commercial Reference 


Fuels 98.9 


” ‘Difference Es 


Significant difference 
(95% confidence level) 


* Per cent of total test observations during which surface 
ignition or rumble was objectionable. 


99.9 


yes 


Table 3 — Total Effect; Aromatic Deposit Plus 
Aromatic Reference Fuel 


Total 
Surface 
Ignition* Rumble, 
and % 
Rumble, 
oO 


/O 


Average 
Octane 
Require- 
ment 


High-Aromatic Deposits 
Plus Aromatic Reference 
Fuels 
Low-Aromatic Deposits 
Plus Commercial Reference 
Fuels 


Difference 1.4 
Significant difference yes 
(95% confidence level) 


* Per cent of total test observations during which surface 
ignition or rumble was objectionable. 


100.3 


Table 4 — Description of High and Low Boiling 
Aromatic Fuel Blends 


Blend A Blend B 
Composition, % 
Isopentane + alkylate 39 39 
Toluene 22 41 
High-boiling aromatics 20 20 
Commercial solvent* 19 0 
% Aromatics 
Whole fuel 48 48 
Last fraction (338 F and up) 29 20 
ASTM Distillation 
90%, F 324 315 
End point, F 395 375 


* Boiling 300 to 410 F; 70% catalytic reformer bottoms. 





Rumble ... continued 


Fig. 5 — Multi-viscosity oil suppressed rumble compared to conventional 
oil in tests run on a 12:1 compression ratio engine. 


additive is that TEL acts directly on the combustion 
process while phosphorus changes the character of 
the engine deposits. Up to 2000 miles of operation 
may be needed with a phosphorus fortified fuel be- 
fore the full effect of the additive is left. During 
this time the original surface-ignition-exciting 
deposits are being covered over with deposits that 
do not promote multiple ignition. 

The marked effects of tricresyl phosphate on 12 
makes of 1958 cars is shown in Fig. 4. Rumble in- 
vestigations at Shell showed that this additive re- 
duced rumble more than differences in fuels or 
lubricants. 


effect of lubrication oil 


The formulation of lubricating oils can influence 
the incidence of rumble. One example of this found 
by Socony-Mobil is shown in Fig. 5. A 12:1 compres- 
sion ratio V-8 laboratory engine was run on 4 city- 
suburban type cycle using a paraffinic fuel contain- 
ing 3 ml TEL. The test was started using an SAE 
10W-30 oil. After 282 hr, a conventional SAE 30 oil 
was used and the rumble rating increased sharply. 
Switching back to SAE 10W-30 reduced the rumble 
rating. Using an aromatic fuel with 10W-30 oil in- 
creased rumble rating 3.0 to 6.0 numbers. 
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etary’s report by 


H. H. Sennstrom 
HREE of the maintenance problems still facing 
operators of diesel locomotives are: 


e Wear of engine parts. 
e Cavitation erosion of fuel injection parts. 
e Locomotive exhaust sparks. 


Wear of Engine Parts 


The useful life of an internal-combustion engine 
is limited by dimensional changes of critical parts 
—in other words, wear. The five principal causes 
of wear are: 


1. Direct rubbing of one surface on the other. 

2. Scuffing where points of one surface weld to 
points of another, resulting in tearing the surfaces. 

3. Surface disintegration, particularly in the form 
of surface fatigue. 

4. Abrasive by foreign particles. 

5. Corrosion. 


With the acceptance of these assumptions, the 
useful life of a diesel engine can, therefore, be 
lengthened through the control of wear. Experi- 
ence with locomotive diesel engines indicates that 
the principal causes of wear involve foreign par- 
ticles abrading surfaces within the engine. The 
major sources of such material are shop dirt and air 
supplied for combustion. Shop dirt can be con- 
trolled through improved maintenance practices 
and through the utilization of proper filtering meth- 
ods to remove the abrasives contained in sludge and 
dirt carried in the lubricating oil. Evidence indi- 
cates that the choice of proper fuels and lubricat- 
ing oils can alleviate the formation of these sludges. 

The provision of clean air to the engine is cer- 
tainly more difficult to achieve. The air supplied 
railroad diesel engines in contaminated with heavy 
quantities of iron, the source of which is brake shoe 
dust, car wheel wear, and railroad wear. Only by 
the best of filtering can these particles be removed 
from the combustion air. 

The determination of particle size of abrasive ma- 
terials as being detrimental to engine life has been 
the subject of many tests and studies. While opin- 
ions vary somewhat, it seems pretty well agreed that 
the particles ranging from 10 to 40 microns in size 
contribute the greatest damage. The dimensional 
thickness of the oil film may be the limit of particle 
size acceptable to the engine. 


Cavitation Erosion of Fuel Injection Parts 
Cavitation erosion is defined as the tearing action 
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To Control Engine Wear .. . 


. means to lengthen life for locomotive diesels. 


erosion, and exhaust spark problems is given here. 






New light on wear, cavitation 


on a metallic surface caused by the collapse of vapor 
bubbles under sudden pressure changes in the fuel 
injection system. It is very important to maintain 
residual pressure constant through the injection 
system. There are various component designs con- 
tributing to the control of vapor bubble formation 
or to the concentration of cavitation effect in speci- 
fied areas where resistant material can be intro- 
duced into the design. 


Locomotive Exhaust Sparks 


During recent years, particularly since the ad- 
vent of economy fuels, the problem of fires originat- 
ing from carbonaceous materials emanating from 
the stacks of diesel locomotives has reached serious 
proportions in certain dry areas. Engine condition, 
particularly that of fuel injection equipment, valves, 
and piston rings, plays an important part. Engine 
operation, particularly occasioned with the high- 
load operation following a long period of idling, 
creates the most critical circumstances. Of the 
various stack screens and spark arrestors available, 
most have been found unsatisfactory. A special ex- 
haust muffler system containing an arrangement 
whereby sparks are separated by centrifugal action 
and rendered harmless by attrition and combustion 
within the exhaust gas collector is claimed to be 
quite successful in the elimination of locomotive 
sparks. This device is currently being marketed 
under the trade name, “Spark Sentry.” 


THE INFORMATION presented here was con- 
tributed by the following panel on, “Locomotive 
Diesel-Engine Maintenance” : 

M. A. Pinney, Pennsylvar a Railroad C 


chairman 


H. R. Sennstrom, American Bosch Arma 
secretary 


R. W. Seniff, Baltimore G Ohio Rails | 
Frank DeLuca, Av« 

G. L. Neely, Standard 

W. E. Boris, Standard indiar 

J. R. Ware, Electro-M 

Fred Behrens, American Bosch Arma 


W. M. Nichols, Alco Produc: 





Looking Forward at Truck 


What kind of powerplant will be used in our 
1961 commercial vehicles or the late 1965 models? .. . 


What improvements can we expect in transmissions 
and drive lines and brakes? . 


To what extent will diesel engines replace gasoline engines? . 


Will the trend toward weight saving have an appreciable effect 
on future truck and truck-trailer designs? 


Ih | | | REDICTIONS about future engi- 
oe neering changes in our motor 


‘ . ; transport vehicles are hazardous 
HIS forecast of future truck design and engineering has been pre- at ane since forecasts about the 


pared at the request of and with the cooperation of the SAE Truck ~— future must always keep these 
and Bus Activity Committee. It completes a two-part summary of facts in mind: 
truck design and engineering, present and future. = 1. Unlike passenger-car makes 
, : = that are often very much alike 
in pant of ae Sa future powerplants and — (except for decorative trim and ac- 
other phases of future truck design and motor transport economics. — cessories), trucks tend to be cus- 
; . : ; = tom-built. 
Part | of the article, Trends in 1958 Truck Design, appeared inthe — = 9. Whereas factors such as styl- 
SAE Journal, July 1958. It listed truck engineering and design high- 
: : . = ing, riding comfort, and ease of 
lights for 1958. This was followed by a brief summary of the out- — 
. ; ‘ H/ . : = handling are major considerations 
standing features of 1958. Following this was a detailed discussion — r 
; : = in passenger-car selection, ability 
of engineering changes reported recently by the truck manufacturers. — 062 truck to do more work — and 


= to do it at lower cost — generally 
= overshadows nearly all other con- 
: = siderations in the buyer’s mind. 
Contents of Article (Part II == Inevitably, engineering changes 
Future Truck Engines ..... -- poe can come about in U.S.-built 
The Gasoline Engine Doth te se ade -- page motor trucks only as fast as the 
Fuel Injection . .. . SR EER YS - pegs new designs demonstrate their 
The Diesel Engine Bia eta Se Pe nd . page worth and the customer demon- 
The Gas Turbine . . “ deeecnssns et sas san = strates his willingness to pay for 
The Free-Piston Engine ............ 5 Win’! 6 a:5t na = the new designs 
Transmissions and Drive Lines ..... oes page = With these considerations in 
Braking Systems ........ Sr 3 4 epee = mind, the following subjects will 
Chassis and Frame recente -. ae — be discussed: engines; transmis- 
Tires, Rims, and Wheels : - + -page = sions and drive lines; chassis and 
Weight Saving ........ - ++ pee > frame; tires, rims, and wheels. 
_ = The ‘critical problem of weight 
Wii saving also will be considered. 
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Truck Engines . 


of the future will be much more powerful. 
gasoline reciprocating engine will be challenged by die- 
sels, the gas turbine, and the free-piston engine. 


Many predictions have been 
made about the probable replace- 
ment of today’s gasoline engines 
by gas turbines and free-piston en- 
gines. Are these predictions prej- 
udiced and, perhaps, overenthu- 
siastic? What are the essential 
engineering and economic facts 
that will exert a strong influence 
on this competitive situation? 


The Case for the Gasoline Engine 


Let’s look first at some of the 
recent accomplishments of the re- 
ciprocating engine. 

@A 1957 typical truck engine 
produced 75% more power per cu 
in. than its 1935 counterpart. Spe- 
cific figures, compiled by Ethyl 
Corp., are 0.266 hp per cu in. in 
1935 and 0.462 for 1956. 

@ During the same period, max- 
imum hp for truck engines in- 
creased 65%. 

@ During this period, average 
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displacement has been reduced 
from 374 to 366 cu in. 

@ Average compression ratio of 
truck engines jumped from 4.8 in 
1935 to 7.1 in 1956. (This latter is 
about the same as a typical 1952 
passenger-car engine.) 

During the years just ahead, 
most engineers believe the devel- 
opment of the truck engine will 
follow along these well-established 
lines: 


1. Compression 
higher. 

2. Volumetric efficiency will be 
improved. 

3. Engine friction will be re- 
duced. 

The average compression ratio 
of new passenger cars being built 
today is more than 9/1. The cor- 
responding figure for truck en- 
gines is much lower. 

As a result of new and improved 
combustion-chamber designs, ad- 


ratios will be 


justments of ignition timing, and 
better carburetion, further prog- 
ress is being made in the develop- 
ment of mechanical octane num- 
bers. This will make it possible to 
use steadily increasing compres- 
sion ratios. Fuel is already avail- 
able to meet fully the anticipated 
requirements for the gasoline- 
burning truck engines of the fu- 
ture. 

Breathing capacity of gasoline 
engines has been steadily im- 
proved. Multiple-barrel carbure- 
tors and increases in the size of 
manifolds and valves have con- 
tributed to this result. Camshafts 
have been redesigned to improve 
breathing at high engine speeds. 

More rigid engine blocks and 
favorable changes in bore-and- 
stroke ratio have contributed to 
reduced engine friction. Slipper 
pistons have helped. In the near 
future, special surface coatings of 
cylinders may also contribute to 
reduced engine friction. 

Other factors tending to improve 
gasoline engine performance in- 
clude: (1) improved design of the 
combustion chamber, (2) reloca- 
tion of the spark plug, and (3) im- 
proved control of engine deposits. 
Although some of these improve- 
ments are now confined to pas- 
senger-car engines, commercially 
proved engineering gains soon 
spill over into the truck engine 
field. 

It is expected that substantial 
progress will be made in future 
years toward increasing the dura- 
bility of truck engines. Develop- 
ment of improved valves and better 
cooling are just two of the steps 
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being taken to extend engine life. 
Unlike passenger-car engines, 
truck engine producers have found 
it economical to keep compression 
ratios at comparatively low levels, 
thereby balancing reduced main- 
tenance cost against any fuel con- 
sumption penalties. This trend 
will undoubtedly continue. 
Future development of alumi- 
num engines for trucks cannot, of 
course, be ignored by a weight- 
conscious trucking industry. 


Case for Fuel Injection 


Fuel injection is the engineer’s 
answer to those who insist that a 
more uniform mixture is needed 
at each engine cylinder. 

Several inherent advantages of 
fuel injection make it even more 
attractive for truck engines than 
for passenger-car engines. These 
include: 


1. Even loading of cylinders for 
better fuel utilization. 

2. Mixture can be comparatively 
lean during cold starting and 
warmup. 

3. Fuel can be cut off positively 
during deceleration. 

4. Because of positive fuel cut- 
eff, engine braking is more effec- 
tive. 

5. For a given compression ratio, 
fuel injection achieves the same 
power with a lower octane fuel. 

6. Fuel injection will simplify 
the breathing problem of engines. 

7. The greatest improvement of 
fuel injection over carburetion 
occurs at or near full throttle, 
where heavy-duty truck engines 
operate a substantial portion of 
the time. 


Two types of fuel injection are 
being considered: cylinder injec- 
tion and port injection. The for- 
mer works against high pressures 
and is more costly. Port injection 
can be timed so that fuel is deliv- 
ered to each port when the outlet 
valve is open or fuel can be deliv- 
ered continuously. Most of the 
work being done today involves 
timed injections, although Chevro- 
let, for example, uses continuous 
fuel injections. 

The greatest benefits for fuel in- 
jection occur, obviously, where fuel 


Representative of the new gasoline truck engines recently introduced is 


this Ford super-duty, over-square truck engine. 
gines have ratings up to 277 hp. 


distribution is poor using carbure- 
tion. In gasoline engines, full dis- 
tribution is generally good at idle 
and part load, and is poorest at full 
load. 

While price is expected to be a 
continuing disadvantage of fuel 
injection for truck engines, some 
engineers foresee a price that will, 
eventually, be competitive with the 
carburetor system. 

A major objection to fuel injec- 
tion is that it must, for practical 
purposes, be tailored to the engine. 
This is particularly a disadvantage 
with so many varieties of truck 
engines in operation. 


Case for the Diesel Engine 


Immediately after World War II, 
one out of every 20 new trucks over 
19,500 lb GVW was diesel powered. 
By 1950, the ratio was 1 in 10; to- 
day, the ratio is 1 in 5. 

Inherent advantages of the die- 
sel include: 


1. Low fuel cost per mile. 
2. Low maintenance cost. 
3. Greater vehicle availability. 


The principal obstacles to diesel 
acceptance are higher initial cost 
and greater weight. Significant 
inroads on the weight disadvan- 
tage have recently been made, it is 
reported. 

Diesel trends that are well-es- 


Ford’s new truck en- 


tablished include: (1) Lower 
weight and smaller sized power- 
plants, (2) higher specific output 
engines, (3) increased life and 
durability, and (4) improved effi- 
ciency. 

A future development foreseen 
by many observers will be the use 
of more complex diesel engines. 

Design and application problems 
of the V-type diesel are rapidly 
being resolved. Growing need for 
getting maximum power with min- 
imum weight in the smallest space 
package possible makes both V-8’s 
and V-6’s logical candidates in the 
heavy-duty diesel powerplant pic- 
ture before long. 

What is the future of the recip- 
rocating engine for truck trans- 
portation? 

With the development of our 
41,000 mile interstate highway sys- 
tem, it is predicted that “Main- 
liner” combinations hauling up to 
96,000 lb at speeds up to 70 mph 
will become practical. At zero 
grade, it is pointed out, this would 
require 375 hp; for a 3% grade, 
910 hp. The prediction has been 
made that engines in the range of 
500 hp may be needed for our fu- 
ture “Mainliner” vehicles. 

Much more powerful gasoline 
and diesel reciprocating engines 
will undoubtedly be introduced 
during the next few years. While 
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% FULL POWER 


This chart shows the probable bsfc for future 
turbodiesel engines versus future gas turbine en- 
From the stand- 
point of economical fuel consumption, the turbo- 


gines and free-piston engines. 


diesel has a substantial advantage. 


compression ratios will go up, the 
increase is not likely to bring the 
ratio up to the level of car com- 
pression ratios within the next few 
years. 


Case for the Gas Turbine 


Ford, Chevrolet, and Interna- 
tional Harvester have already an- 
nounced they are testing gas 
turbines in trucks. No announce- 
ment has been made by Chrysler 
but the company is known to be 
working on a gas turbine for a 
passenger car. At the moment, 
the heavy-duty truck field seems 
to be getting most of the attention. 

High fuel consumption, initially 
a troublesome problem with gas 
turbines, is yielding to persistent 
research effort. It is generally 
agreed that the gas turbine fuel 
problem is less critical today, ex- 
cept under very light-load opera- 
ting conditions. 

The lugging ability of a gas tur- 
bine engine enables it to pull very 
heavy loads. The torque curve is 
the most advantageous of any 
powerplant known today, accord- 
ing to many informed engineers. 

A major concern of gas turbine 
designers is the fact that only 13- 
15% of the fuel energy consumed 
is converted into useful work. 
Current gasoline engines approach 
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PERCENT OF FULL OUTPUT 


PECIFI 
TURBODIES 


SPECIFIC FUEL CONSUMPTION 


PERCENT FULL SPEED 


(POWER TURBINE OR TORQUE CONV. OUTPUT SHAFT) 
" 
Comparison of torque, hp, and fuel consumption for the gas 
turbine versus the turbodiesel engine with torque converter 
at various output shaft speeds. The engines compared were 
selected to yield approximately the same output shaft torque 
curve. 


- 


Heart of Ford's free-piston turbine engine which powers the Typhoon experi- 


mental tractor is this gas generator, or gasifier, shown in cross section. The 
gasifier is a 2-cyc engine, having a compression stroke and a power stroke. 
Insert shows the turbine (not drawn to scale). 
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30% conversion. The fact that 
relatively low cost fuel is used 
tends to offset this limitation on 
gas turbine efficiency. Use of a 
regenerator can contribute sub- 
stantially to improved efficiency. 

A second problem of the gas tur- 
bine is slow acceleration. If, for 
example, a turbine develops its full 
power at 50,000 rpm, it may idle, 
say, at 15,000 rpm. When the 
throttle is opened, more fuel is fed 
to the combustion chamber and a 
larger volume of hotter gas is fed 
to the power turbine as the com- 
pressor speeds up. Maximum 
torque, however, is not available 
until the compressor reaches its 
rated speed. Increasing turbine 
speed from 15,000-50,000 rpm re- 
quires several seconds so, initially, 
acceleration may be very slow. 

An important contributor to the 
loss of efficiency in a gas turbine 
is air leakage from the compressor 
discharge to the exhaust along 
side of or through the regenerator. 
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Table 1 — Truck Powerplant Selection Considerations 


Gasoline 


Advantage Favors 


Gas 
Turbine 


Free-Piston 
Engine 
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Many qualified observers feel the 
gas turbine for motor trucks is at 
least 5 years away. Much will de- 
pend on tooling costs, availability 
of strategic materials, and legisla- 
tive, economic, and competitive 
conditions. 

A transit bus built by the GM 
Research Staff and powered by a 
gas turbine has been operating in 
Detroit for several years. The bus 
may become the first U. S. com- 
mercial application of a gas tur- 
bine. Another prediction is that 
the gas turbine will appear in the 
500-hp range, pulling long dis- 
tance tractor-trailer combinations 
rated at 90,000—-100,000 gvw over 
cross-country turnpikes. 


Case for the Free-Piston Engine 


Essentially, a free-piston engine 
is a supercharged diesel engine 
driving a compressor. The diesel 
exhaust and excess compressed air 
are mixed and fed to a turbine. 
Efficiency is higher than a gas tur- 
bine and a wide range of fuels can 
be burned. 

A free-piston (gasifier) turbine 
combination has been publicly 
demonstrated by Ford Tractor and 
Implement Division. The predic- 


tion was made at the time that a 
free-piston powerplant can be 
built that will weigh less, occupy 
less space, cost less per hp, and be 
more economical than a compara- 
ble reciprocating engine. Another 
potential advantage claimed for 
the free-piston engine is extended 
operation without a tear-down. 
Extensive testing is going on to 
confirm or to deny the potential 
advantages now being claimed for 
the free-piston engine. 

Many engineers agree the torque 
curve of the free-piston engine is 
nearly ideal for farm and indus- 
trial tractor work. Neither a 
muffler or a tailpipe is needed. 
Also, the free-piston engine re- 
quires no mechanical connection 
with the drive. It has been sug- 
gested that units could be used 
for power take-off, or even placed 
at each wheel. Two factors must 
still be evaluated: ability to pro- 
duce a free-piston engine at com- 
petitive cost and ability of the 
engine to perform satisfactorily 
under the customer’s operating 
conditions. 

The free-piston engine built by 
the GM Research Staff is a “Sia- 
mese unit” rated at 250 hp. The 
GMC free-piston engine has a 4-in. 
engine cylinder and an 11-in. com- 
pressor cylinder. Stroke is 5 in. 
Speed ranges from 1000 to 2000 
strokes per min. 

Like Ford, GMC has repeatedly 
stressed the fact that work on its 
free-piston engine is experimental. 

It is apparent that each type of 
powerplant has advantages and 
that each has certain limitations. 
In addition, there are economic 
factors that must be evaluated, in- 
cluding manufacturing cost, ma- 
terials cost, and availability. 

At best, the gas turbine and the 
free-piston engines can only equal 
the thermal efficiency of the gaso- 
line engine. Economies, there- 
fore, must result primarily from 
burning cheap fuel. Past experi- 
ence indicates that any initial dif- 
ference in fuel cost tends to nar- 
row as the demand for this partic- 
ular fuel grows. 

It. is generally agreed that the 
following factors are highly desir- 
able in automotive engines. 

1. Low cost of manufacture. 

2. Good fuel economy. 

3. Flexibility in performance 
under a wide range of operating 
conditions. 

4. Simple controls. 


Table 1 lists the various factors 
that must be considered in select- 
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ing truck powerplant. Where in- 
formation is available, numbers 
are used to reflect the probable 
order of rating. 

Some additional comment may 
be helpful. 

Neither the gasoline engine nor 
the free-piston engine requires the 
regenerator which is vital in the 
gas turbine. Ford engineers have 
announced their regenerator is 
made up of stacked stainless-steel 
stampings. The unit is 15 in. in 
diameter and 3 in. thick. There 


Transmissions and Drive Lines... 


are being constantly improved. Automatic drives 
are gaining acceptance for many types of service. Ex- 
tensive engineering changes are forecast for the years 


ahead. 


aa 
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Here is an example of a new, compact truck transmission. This 7-speed Fuller 
RoadRanger is designed for gasoline engines up to 400-cu in. piston displacement. 
All forward speeds and one reverse are shifted by a single lever; there is no gear 


splitting. Weight is only 375 Ib. 
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are 250,000 passages for gas flow. 
Frequent maintenance may be 
needed. Naturally, such a unit is 
expensive to make. 
Manufacturing know-how obvi- 
ously favors the gasoline engine 
by a wide margin. The process is 
highly developed. Manufacturing 
the turbine section of the free- 
piston engine will require consid- 
erable development. Even more 
manufacturing development work 
may be required for the gas tur- 


: 


bine. 

Among informed engineers, the 
concensus about future power- 
plants for commercial vehicles ap- 
pears to be this: 

1. Neither the gas turbine or the 
free-piston engine has been devel- 
oped sufficiently to predict accu- 
rately and with reasonable cer- 
tainty the time of introduction. 

2. Introduction of these new 
power units is likely to be evolu- 
tionary rather than revolutionary. 


Automatic transmissions are 
much less widely used in commer- 
cial vehicles than in passenger 
cars. Up to now, automatic drives 
for trucks have found their great- 
est usefulness in the light-duty 
field where vehicles operate in con- 
gested city areas, usually under 
stop-and-go driving conditions. 

Over-the-highway service pre- 
sents a different problem. Under 
many operating conditions, less 
shifting is necessary since medium 
or long distance hauls may be in- 
volved. Optimum fuel economy is 
invariably a major requirement. 
Low maintenance expense is 
equally essential. 

When shifting is less frequent, 
the need for automatic gear 
changing becomes less urgent. 
This explains, in part, the growing 
acceptance of so-called semiauto- 
matic truck transmissions. Al- 
though not fully automatic, these 
units require much less driver ef- 
fort than conventional transmis- 
sions. At the same time, semiau- 
tomatic manually controlled trans- 
missions offer these operating ad- 
vantages: (1) the driver is free to 
select any drive ratio he wants to 
use, (2) power shifting eliminates 
much of the manual effort in gear 
changing, (3) a wide choice of gear 
ratios is available to meet operat- 
ing requirements, and (4) the 
driver retains full control of the 
vehicle. 

During the past few years a 
number of multispeed truck trans- 
missions have become available. 
Transmissions with 7 to 10 for- 
ward speeds are not uncommon; 
some combination units offer as 
many as 20 speeds. 

Truck owners may also select a 
comparatively simple transmission 
plus an auxiliary transmission, or 
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Power De-Clutch greatly simplifies the problem of releasing and en 


ging the 


clutch while the truck is in forward motion. This drawing of a Fuller Power De- 
Clutch shows the rocking motion of the knob on the gear stick lever and the 


simplicity of the operation. 
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a 2-speed axle to obtain the flex- 
ibility required for operating effi- 
ciently. The choice of one com- 
bination over another will depend 
on many factors, including initial 
cost, space limitations, weight dis- 
tribution, specific operating con- 
ditions, and other factors. 

Truck transmission engineers 
agree that what is described in the 
trade as “closely spaced ratios” 
will be an outstanding advantage 
of tomorrow’s truck transmissions. 

Two types of semiautomatic 
truck transmissions have gained 
widespread acceptance. Straight 
mechanical, semiautomatic units 
are being widely employed. An- 
other type combines a hydraulic 
torque converter with conven- 
tional gear. Regardless of which 
type is used, there is substantial 
reduction in driving skill and driv- 
ing effort that may be used to ad- 
vantage under many operating 
conditions. 

Important weight savings can be 
accomplished through the use of 
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today’s automatic and semiauto- 
matic truck transmissions. The 
latest designs are remarkably 
compact. Additional weight sav- 
ings are brought about through 
the use of aluminum housings. 
Weight savings of 100 or more lb 
are possible through the use of 
light metals alone 

Another device that is getting 
increased attention by the truck- 
ing industry is powered de-clutch- 
ing units for single and 2-plate 
clutches. Usually, the power as- 
sist may be used for all speeds 
where the truck is in forward mo- 
tion. The clutch pedal is generally 
used only for standing starts. 
With most power clutch units, re- 
lease, re-engagement, and double 
clutching can be accomplished 
without using the foot pedal. 
Much wider acceptance of these 
units is forecast for the motor 
trucking industry. In addition to 
reduced driver effort, low main- 
tenance expense is claimed for 
many of these units. 

Undoubtedly, the future of 
heavy-duty automatic and semi- 
automatic transmissions will de- 
pend to a considerable extent on 
what the industry can afford. If 
engine hp goes up sharply and 
performance requirements can be 
more easily met with these new 


engines, it seems likely that to- 
morrow’s truck transmissions will 
be simpler than today’s designs. 
They should also occupy less space 
and have fewer ratios than many 
of the current units. 

The well-established trends in 
the truck transportation industry 
today — toward minimum driving 
effort and driving skill, reduced 
maintenance, and optimum trans- 
mission efficiency — will undoubt- 
edly continue. Meanwhile, with 
cab space at a premium, structural 
changes in transmissions can be 
logically expected. Higher engine 
speeds will obviously dictate some 
changes in transmissions. The 
growing popularity of the diesel — 
and the possibility that diesel en- 
gine speeds may be increased — 
may influence interchangeability 
of transmission units. 

Also, the fact that the number of 
transmission shifts may be re- 
duced as much as 90% on turn- 
pikes may also bring about signifi- 
cant changes in future truck 
transmission designs geared to op- 
erate under limited highway oper- 
ating conditions. 

Experience shows conclusively 
that truck transmissions must al- 
ways be tailored to the engine, the 
highway and the service require- 
ments. As operating conditions 
change, truck transmissions must 
change to meet the new condi- 
tions. 

Whatever may be the future ac- 
ceptance of fully automatic truck 
transmissions, these advantages of 
the automatic units should not be 
overlooked: 

1. Delivers power effectively 
while the engine runs at or near 
its most efficient speed. 

2. Smooth starts and fast ac- 
celeration are possible — with 
cushioning ability when getting 
the load under way. 

3. Harmful engine lugging is 
avoided. 

4. Both weight and valuable 
space can be saved. 

5. Reduces driver effort. 

Another transmission develop- 
ment that seems certain to gain in 
popularity is the built-in retarder. 
Assuming this will happen, the 
need for short, compact transmis- 
sion units becomes obvious. 

Not to be overlooked in future 
transmission and drive line devel- 
opments are, of course, new, multi- 
speed axles, improved axle and 
gear designs, nonslip differentials, 
and recently introduced vibration- 
resisting propeller shafts. 


SAE JOURNAL 





At the moment, truck wheels 
present a rapidly changing picture. 
Cast wheels continue to be favored 


Tires, Rims, and Wheels .. . 
in the eastern part of the country; 


... haven't changed much since the introduction of tube- many west Coast firms consist- 
less truck tires. But the competitive struggle between °™!Y order dise-type wheels for 


large trucks. 
cast-type wheels and disc wheels is continuing. Aluminum wheels are being 


more widely specified, particularly 
where weight is at a premium. 
Most observers agree that stand- 

' ardization of truck wheels is prob- 
ably a long way off. 

Extensive research work on 
truck tires is being carried on, par- 
ticularly with respect to the suita- 
bility of tubeless tires for certain 
types of commercial vehicles. Re- 
sults of this work have not yet 
been announced, however. 


Tires for tomorrow's trucks will 
have many qualities not available in 
today’s tires. Introduction of new 
synthetic materials and better de- 
sign will give longer life and better 
aya ~~ _s service than the current tires. 


5. MINIMUM WEIGHT — ee eee? to meet 
t igh- i: 
6. ECONOMY OF OPERATION ih Compostela Wl thant pak 


7 ECONOMY OF MAINTENANCE standing improvement. 
8. SIMPLICITY 


“1LHEAT RESISTANT 

2. INCREASED TRACTION 
3. QUIET, SOFT RIDE 

4, MAX. CAPACITY /SIZE 


The current interest in alumi- 
num brake drums and disc brakes 
for passenger cars will undoubt- 


Braking Systems... 


... must keep pace with increased braking requirements. edly stimulate interest in these 
subjects in the motor truck field. 
Considerable progress has been made but much work Remaining to be seen, however, is 
° ° . > the extent to which successful pas- 
remains to be done with such things as disc brakes, senger-car braking cminnaie or 


modified passenger-car braking 
systems can be applied to commer- 
cial vehicles. 

Considerable experimental work 
has been done on ceramic braking 
materials. Most engineers agree, 


nonorganic linings, and sectional inserts. 


ORUM ROTATION 
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Use of an insert in 
each shoe has been 
found advantageous 
in a duo-servo brak- 
ing system. The 
diagram shows the 
preferred positions 
for the inserts at 
the leading end of 
the primary and at 
the trailing end of 
the secondary shoe. 


however, the results of this work 
may not be seen on our motor 
trucks in the immediate future. 

More promising for the near fu- 
ture is the use of nonorganic ma- 
terials that are reported to have 3 
to 10 times the life of conventional 
linings. Outstanding properties of 
these new materials include good 
strength at elevated temperatures 
and improved heat-absorption 
properties. Limitations include a 
tendency to squeal or chatter and 
excessive drum wear. 

Sintered metal inserts and the 
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Closeup of air springs developed 
by GMC truck and coach engi- 
neers. Air suspension permits 
weight savings of 400 Ib as 
compared with conventional 
leaf springs. Another advan- 
tage of air springs is their abil- 
ity to eliminate high frequency 
vibration. 


use of sectional inserts appear, at 
the moment, to offer unusual 
promise. It is anticipated that a 
considerable amount of research 


work in this field will yield some . 


interesting results very soon. 

Limited experience with liquid- 
cooled brakes have been promising 
from a performance standpoint, 
with braking efficiency improved 
as much as 300%. Fade and the 
danger of washout are virtually 
eliminated. Heat dissipation is 
outstanding. However, the barrier 
here is very high initial cost. 

Another less obvious approach 
to improved braking for trucks is 
the development of more foolproof 
systems of valves, lines, and fit- 
tings. 

Current studies have revealed a 
great deal about braking action, 
brake temperatures, and other op- 
erating characteristics that could 
not previously be conveniently and 
accurately measured. This knowl- 
edge will undoubtedly contribute 
substantially to improvements in 
tomorrow’s braking systems. 
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Weight Saving . 


is an important area where substantial gains are 


being made, thanks to design changes and use of light 


metals and fiberglass. 


Several trends are evident in 
today’s motor trucks. Largely be- 
cause of economics, legislation, or 
performance requirements, mod- 
ern trucks are becoming lighter 
and shorter—yet they carry 
bigger loads safely at higher 
speeds. 

To a large extent, legislation 
continues to dictate both the styl- 
ing of trucks and the choice of ma- 
terials for truck components. 


Tires & Metals 

Save Weight 
Tubeless tires have resulted in 
some weight saving. The use of 
light metal has resulted in sub- 
stantial weight reduction by the 


motor truck industry — and often 
a corresponding increase in pay- 
load. 

Take a specific example: Auto- 
car engineers have recently an- 
nounced the results of a 2-year in- 
tensive research program. Here 
are some of the significant ad- 
vances reported: 

1. Weight savings of as much as 
4200 lb as compared with standard 
weight trucks may be possible. 

2. Research has shown light 
metals could be used for many 
truck units where ferrous metals 
were previously employed. 

3. Multifunctional aluminum 
brackets have been developed that 
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Chassis and Frame... 


. .’. developments are making possible very substantial 
opportunities in weight saving not heretofore available 
to the truck designers. New suspensions will make pos- 
sible substantial frame changes in tomorrow's trucks. 


Remarkable progress is being 
made in taking weight out of truck 
chassis and frames, largely 
through engineering design and 
the use of stronger or lighter mate- 
rials. This is being done without 
sacrificing rigidity, strength, serv- 
iceability, or resistance to fatigue. 

The development of a new air- 
suspension system has permitted 
—and even encouraged — an en- 
tirely new truck frame design 
which “puts the metal where it 
does the most good.” This results 
in a saving of approximately 400 Ib 
as compared with a leaf-spring 
suspension system. 

Another advantage of air sus- 
pension is the virtual elimination 


of high frequency vibration. 
Where cargo consists of items like 
electronic equipment or certain 
perishable foods, for example, this 
gain may be very significant. 

Ability to eliminate friction in 
the suspension, to maintain con- 
stant height, and to bring about 
substantial weight reduction are 
only a few of the advantages 
claimed for air suspension on 
trucks. Until now, commercial 
vehicles designed to take full ad- 
vantage of air suspension have not 
been available. The introduction 
of such vehicles may occur within 
the next 12 months, it has been 
predicted. 

A tandem air suspension re- 





save weight and also add rigidity 
and strength. 


4. Fiberglass has been intro- 
duced for fenders and inside cab 
engine covers. 


Many design changes were made 
by Autocar engineers to achieve 
these substantial savings. Loca- 
tion of the steering gear was 
changed, eliminating a number of 
nonessential parts without sacri- 
ficing strength, ease of steering, 
and stability. A radiator having 
bolted construction and an alumi- 
num upper tank was developed. 
This eliminated the need for a 
separate shell and grille. 

Here are other weight saving 
items built into the new “A” series 
Autocars: 

The aluminum frame is of a 
high-strength alloy, heat-treated, 
bolt constructed. The cab is heli- 
arc welded lightweight aluminum 
alloy, covered with an aluminum 
skin. 

Aluminum transmission case 
and clutch housing are specified. 
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The steering gear housing is also 
aluminum. 

Wheels are 20 x 7.50 forged alu- 
minum disc. A 55-gal aluminum 
fuel tank is used. 

An interesting recent develop- 
ment at Diamond T is a “Light- 
weight Package” which, it is 
claimed, can result in weight sav- 
ings up to 700 lb or more, depend- 
ing on wheelbase, specifications, 
and number of axles. 

The package includes a special, 
lightweight, heat-treated alloy 
steel frame with aluminum cross 
members. There is also an alu- 
minum bumper, aluminum fuel 
tanks, lightweight supports, and 
an aluminum battery box. Alu- 
minum may also be specified for 
the hood and radiator. Optional 
aluminum items include axle hubs, 
transmission cases, and wheels. 

Kenworth’s drop frame permits 
shortening and lightening the 
chassis on conventional units. An 
aluminum drop frame saves an 
estimated 410 lb; a steel drop 
frame saves 270 lb. 


cently introduced represents an- 
other approach to the problem of 
providing a better ride for the 
driver and cargo. Constant height 
and axle articulation can be held, 
regardless of load. The need for 
lubrication and sway bars is elimi- 
nated. Spring rate can be bal- 
anced to load requirements. This 
type suspension is said to be par- 
ticularly well-adapted to handling 
heavy liquid loads. 

The use of heat-treated steel 
frames, strengthening of frames 
through design, and the use of 
aluminum members (designed to 
carry comparatively heavy loads 
while saving weight) are trends 
that will bear careful watching in 
the years ahead. 

Another promising development 
is the application of torsion bars of 
special design to make them suit- 
able for truck suspension systems. 

While discussion here does not 
cover nearly all of the current de- 
velopments in truck chassis and 
frames, the areas where signifi- 
cant progress is likely to be an- 
nounced soon have been described. 


Comparisons of new COE Ken- 
worth models follow: 


Non- 
Conventional 
versus COE 
54 in. (no 
sleeper) 


-—240lb -—2901b 


Conventional 
versus COE 
73 in. 
(sleeper) 


- 65lb -140lb 


Conventional 
versus 86 in. 
(sleeper) 


50lb -— 251b 


Engineers at GMC Truck and 
Coach Division have shown how 
redesign, air suspension, and light 
metals can save 2000 Ib. 

The trend toward weight reduc- 
tion, already well-advanced, is ex- 
pected to continue and even to ac- 
celerate during the years ahead. 
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Variable-Speed 
Designs Best 


Fan-Noise 


Solution 


K. A. Beier and T. J. Weir, 


hwitzer Corp 


NFINITELY VARIABLE speed designs offer the best 
approach to solution of the increasing difficult 
fan-noise problem in trucks. A controlled fan is a 
practical way to reduce noise and save power in 
present-day installations ... where increased engine 
power requires running at higher tip speeds; where 
more power accessories complicate the flow paths of 
the air as it leaves the fan; and where styling dic- 
tates small cores and highly restrictive grille designs. 
Analysis of a specific, hypothetical situation will 
explain this conclusion. To analyze the cooling fan 
requirements with varying temperature differentials 
between top tank and entering air temperatures, let 
us take the following hypothetical data: 


Engine Hp 200 at 3200 rpm 

Heat Rejection 35 btu/hp 

Core Data 700 sq. in. (3 rows of tubes- 
10 fins/in.) 

Fan Ratio 0.90/1 


To get required cooling at lowest differential, a 23- 
in.-diameter fan, with 5 blades, 314-in. axial width 
is required. It is assumed that a shroud is used... 
and that the normal obstructions encountered in 
any installation are present. 

Under these conditions, the airflow requirements 
from the fan at various differentials — along with fan 


= ; 
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Fig. 1 — Fan horsepower and noise plotted against temperature differ- 
ential for constant heat dissipation. 


wal 


speed, power, and noise levels are as listed in Table 1. 

Several points of interest appear from analysis of 
this tabulation: 

Air temperatures at the fan, for example, vary at 
almost a constant rate with respect to cooling system 
differential. This shows a temperature control ele- 
ment might be used at the front of the fan drive to 
control drive speed. Such a control would not, per- 
haps, be as sensitive as a unit controlled by the cool- 
ant. Need to provide a special water pump, however, 
would be eliminated. 

Also, the power required to drive the fan is reduced 
by one-half for every 20 F difference in temperature 
differential. (If the ambient temperature decreases 
by 20 F, in other words, the power needed to remove 
the amount of heat from the cooling system would 
be cut in half.) 

Moreover, the fan noise is appreciably less with a 
reduction in fan speed, as tape recordings demon- 
strate. 

A graphical representation (Fig. 1) of the power 
required to drive the fan for constant cooling at var- 
ious temperature differentials shows clearly, also, 
the advantages potentially available with use of the 
controlled speed unit. 

»” Order Paper No. 56C . 
on which this article is based, turn to page 6. 


Table 1 — Airflow Requirements from Fan at Various Differentials, along with Fan Speed, 
Power, and Noise Levels (in analysis of hypothetical installation) 


Temperature 
Differential — 
Ambient Air 
to Average 


Final Air 
Tempera- 
ture, F 


Final Air 
Volume, cfm 


15,800 130 


Static Fan 
Pressure Speed, 
Drop, psi 


Fan, hp 


0.90 


0.63 
0.47 
0.35 
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Ordnance Plans 


Big Show for SAE 


at Aberdeen Proving Ground 


C. F. Schwarz 


Dynamic demonstration of Ordnance vehicles scheduled for October 21 


during National Transportation and Diesel Engine Meetings. 


_— Munson Test Area at Aberdeen 
will be the site of an Ordnance Show 
now being organized for the benefit of 
SAE members and guests attending the 
SAE national meetings to be held the 
week of October 20 in Baitimore. Gen- 
eral chairman of the meetings is F. A. 
Robbins of Koppers Co. and C. F. 
Schwarz of Ordnance is handling the 
Aberdeen arrangements. The full day 
of Tuesday, October 21, has been re- 
served for the visit to Aberdeen. 

Military vehicle evaluation will be 
demonstrated. 


e Operation over a wave course 
(frame twister) will evaluate 


strength and flexibility of frame, 
body, and components 


e Severity of vibration experienced 
during military operation will be 
shown on the staggered bump 
course 


e A 60% slope will demonstrate for- 
ward and reverse operation and 
braking ability 


e Full-load performance will be eval- 
uated by instrumented vehicles and 
field dynamometers. 


The show will include cross-country 
maneuvers reflecting typical military 
application of a variety of transport 
vehicles, amphibious vehicles, 25-ton 


A. F. Ensrud Selected 


1957 Wright Bros. Medalist 


A. F. Ensrud 


LF Fridtjof Ensrud of Lockheed Air- 
craft Corp. has been selected by the 
Wright Brothers Medal Board of Award 
to receive the 1957 Wright Brothers 
Medal. Ensrud’s paper, “Problems in 
the Application of High Strength Steel 
Alloys in the Design of Supersonic Air- 
craft,” was adjudged the best contribu- 
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tion on an aeronautic subject presented 
before an SAE meeting in 1957. 
Originally presented at the 1957 Na- 
tional Aeronautic Meeting in New York, 
the paper outlines ways to alleviate the 
intrinsic weight penalties accompany- 
ing the use of high density alloys at 
elevated temperatures. Primarily, the 


truck tractors pulling 60-ton tank 
transporters, tanks, and self-propelled 
artillery. 

Ordnance engineers will describe pur- 
poses of the tests, measuring tech- 
niques, instrumentation, and analysis 
of data. A static display of specialized 
equipment will be available for review. 

Four days of engineering sessions at 
the Lord Baltimore Hotel in Baltimore 
have been planned for the meetings. 
Subjects to be covered in the technical 
papers will be truck service brakes and 
cooling systems, plastic truck cabs, 
multifuel engines, and problems asso- 
ciated with diesel engines, including 
cold starting, turbocharging, and inter- 
cooling. 


author states, this can be accomplished 
by proper selection of materials and 
the choice of more suitable structural 
configurations. Ensrud’s paper appears 
in full in 1958 SAE Transactions. 
Ensrud, research specialist in struc- 
tural statics, has been with Lockheed 
since 1940. A native of Norway, he 
studied at the Institutes of Technology 
in Copenhagen and Berlin, and re- 
ceived a Master’s Degree in advanced 
structural theory. After several years 
in the Dutch East Indies working on 
dam and harbor construction, Ensrud 
was with consulting engineering offices 
in New York, Chicago and St. Louis. 
The medal will be awarded at a 
luncheon, October 2, during the Na- 
tional Aeronautic Meeting in Los An- 
geles. Frank W. Fink, chairman of the 
Wright Brothers Medal Board of 
Award, will make the presentation. 





Spnenenanninnennnns 


Los Angeles, Calif. 
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SAE Aircraft Engineering Display 


September 29—October 3, 1958 


The exhibits of these companies will enable engineers attending the SAE National 
Aeronautic Meeting in Los Angeles to examine many of the materials and items of hard- 
ware that will be discussed in the Meeting’s clinics and papers. Products to be displayed 
range all the way from tiny bearings to a huge ground cooling unit for missiles. 
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Partial Exhibitor List 


Booth No. Booth No. 
. Lear, Inc. 42. Datasync Div., Berndt-Bach, Inc. 82. Stewart & Stevenson Services, Inc. 


43. Surprenant Manufacturing Co. 83. Stewart G Stevenson Services, Inc. 
. American Potash & Chemical Corp. 84. Vard, Inc. 


Booth No. 


. Lear, Inc. 
. Universal-Cyclops Steel Corp. 


. Air Logistics Corp. 
. Fairchild Engine Div., 


. Westinghouse Electric Corp. 
. Westinghouse Electric Corp. 
. Voi-Shan Mfg. Co. 

. Breeze Corporations, Inc. 

. Rubber Teck, Inc. 


Airplane Corp. 


Airplane Corp. 
. Solar Aircraft Co. 
. Solar Aircraft Co. 


. Lord Mfg. Co. 


. C. G. Hokanson Co., Inc. 
. C. G. Hokanson Co., Inc. 
. ©. G. Hokanson Co., Inc. 
. Formsprag Co. 

. Hoover Electric Co. 

. Hoover Electric Co. 


. Pacific Scientific Co. 


Div., Clevite Corp. 

. Garrett Corp. 

. Garrett Corp. 

. Rohr Aircraft Corp. 

. Rohr Aircraft Corp. 

. Permanent Filter Corp. 

. Northrop Aircraft, Inc. 

. Pesco Products Div. 
Borg-Warner Corp. 

. Pesco Products Div. 
Borg-Warner Corp. 

. Continental Aviation & 
Engineering Corp. 


Jit 
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Fairchild Engine & Airplane Corp. 


. Stratos Div., Fairchild Engine & 


. Stratos Div., Fairchild Engine & 


. Jones & Laughlin Steel Corp. 


. McCormick Selph Associates 


. Foote Bros. Gear & Machine Corp. 


. Cleveland Graphite Bronze Co., 


. Tork-Sel Division, 


Turbocraft Co. 


. Southwest Products Co. 

. Yuba Consolidated Industries, Inc. 
. Gits Bros. Mfg. Co. 

. Clemco Aero Products, Inc. 

. Lycoming Div., Avco Mfg. Corp. 
. Shell Oil Co. 

. Rosan Inc. 

. Automatic Switch Co. 

. Weatherhead Co. 

. Swedlow Plastics Co. 

. Ryan Aeronautical Co. 

. Ryan Aeronautical Co. 

. Wyman-Gordon Co. 

. Wyman-Gordon Co. 

. Wyman-Gordon Co. 

. Western Gear Corp. 

. Western Gear Corp. 

. Rocketdyne Div., North American 


Aviation, Inc. 


. Rocketdyne Div., North American 


Aviation, Inc. 


. Indiana Gear Works, Inc. 
. Indiana Gear Works, Inc. 
. Missile Development Div., North 


American Aviation, Inc. 


. Missile Development Div., North 


American Aviation, Inc. 


. Armco Steel Corp. 

. Armco Steel Corp. 

. Kelsey-Hayes Co. 

. Kelsey-Hayes Co. 

. Hi-Shear Rivet Tool Co. 

. Stratoflex, Inc. 

. Bower Roller Bearing Div., Microtech 


Corp., Div., Federal-Mogul-Bower 
Bearings, Inc. 


. Arrowhead Products Div., Federal- 


Mogul-Bower Bearings, Inc. 


85. 
86. 
87. 


Weston Hydraulics, Ltd. 

Lisle Corp. 

Sundstrand Turbo Div., Sundstrand 
Aviation Div., Sundstrand Machine 
Tool Co. 


. Marquardt Aircraft Co. 

. Marquardt Aircraft Co. 

. Rochester Mfg. Co., Inc. of Calif. 
. Aer-O-Line Mfg. & Supply Co. 

. Precision Sheet Metal, Inc. 

. Denver Div., The Martin Co. 

. Denver Div., The Martin Co. 

. International Aerocoustics Corp. 


. Monadnock Mills 

. Stephens-Adamson Mfg. Co. 

. Consolidated Controls Corp. 

. Aluminum Company of America 
. Aluminum Company of America 
. Aircraft Accessory Turbine Dept. 


General Electric Co. 


. Aircraft Nuclear Propulsion Dept. 


General Electric Co. 


. The Rex Corp. 

. Stillman Rubber Co. 

. Firth Sterling, Inc. 

. Aircraft Porous Media, Inc. 

. Eckel Valve Co. 

. Cooper Precision Products 

. Nutt-Shel Co. 

. Hexcel Products, Inc. 

. Convair Div., General Dynamics 


Corp. 


. Barco Mfg. Co. 

. Pacific Alloy Engineering Corp. 
. Pacific Alloy Engineering Corp. 
. Royal McBee Corp. 

. Dean & Benson Research, Inc. 
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Aeronautic Meeting ... 


... features data on materials 
and missile systems. 


IBERAL education for both missile 
and aircraft engineers will be avail- 
able at the 1958 National Aeronautic 
Meeting in Los Angeles, September 29 
through October 2. 
For example, in the field of materials 
there will be an opportunity to find the 
latest data on: 


— plastics for nose cones and other 
missile structures .. . 
— how to design and construct brazed 


honeycomb sandwich structure... 


—fabricating 
sheet steel... 


— processing wrought steel to high 
strength ... 


—electrical discharge machining, 
Chem-milling, and machining 
with coated abrasive belts. 


For engineers designing missile sys- 


high-temperature 


SAE Section Meetings 


BUFFALO 

September 16... Ralph F. Peo, 
president and chairman of the 
board, Houdaille Industries, Inc. 
“Development and Management 
of an Industry in the Niagara 
Frontier.” Sheraton Hotel. 
Dinner 7:00 p.m. Meeting 8:00 
p.m. 


CHICAGO 

September 15 ... Robert A. 
Norling, senior systems engineer, 
Advanced Development Section, 
Bendix Products Division, Ben- 
dix Aviation Corp. “Design Re- 
quirements for Ballistic Missile 
Flight.” Technical chairman: 
R. Bodemuller, manager, Sys- 
tems Development Section, Ben- 
dix Products Division. Meeting 
to be presented by Chicago Sec- 
tion’s South Bend Division. 
Bronzewood Room, Hotel La- 
Salle, South Bend, Ind. Dinner 
6:45 p.m, Meeting 8:00 p.m. 


COLORADO 

September 24... SAE President 
William K. Creson: “Steering of 
Modern Automotive Vehicles.” 


DETROIT 

October 6 . . . Com. Robert C. 
Truax, Advanced Research pro- 
ject Agency, Dept. of Defense. 
“Space Flight” — Application of 
space ships to transportation 
of passengers and freight. Din- 
ner Speaker: Col. Richard D. 
Dick, Deputy Commander First 
Fighter Wing, USAF. “Role of 
Selfridge AFB in the Strategic 
Air Command.” Rackham Edu- 
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cational Memorial Bldg., 100 
Farnsworth, Detroit. Dinner 
6:30 pm. Meeting 8:00 p.m. 


INDIANA 

September 18 .. . D. C. Redick 
and W. C. Edmundson, staff 
engineers, Delco Remy Division, 
GMC., co-speakers; “Trends in 
Automotive Electrical Equip- 
ment.” Continental Hotel, In- 
dianapolis. Dinner 7:00 p.m. 
Meeting 8:00 p.m. 


METROPOLITAN 

October 2... Brig.-Gen. Don 
Flickinger, Air Force Medical 
School. “Human Factors in 
Space Travel.” Brass Rail Res- 
taurant, Fifth Ave. between 43rd 
and 44th Sts., New York City. 
Cocktails 5:30 p.m. Dinner 6:30 
p.m. Meeting 7:45 p.m. 


October 9... “Small Cars in 
Industrial Fleets” presented by 
a representative of Con Edison. 
Roger Smith Hotel, Lexington 
Ave., and 47th St., New York 
City. Luncheon 12:00 Noon. 


MONTREAL 

September 25 .. . Annual Golf 
Tournament, starting at 10:00 
a.m. Lachute Golf and Country 
Club, Lachute, Quebec. Dinner 
6:30 p.m. 


NEW ENGLAND 

October 7... Harold T. Hokan- 
son, manager, T64 Project — 
Small Aircraft Engine Depart- 


tems, there will be discussions of the 
latest in ground power units, trans- 
porters, check-out testers, and guid- 
ance and control. For designers of 
space craft, subjects such as midcourse 
and terminal guidance, and equipment 
cooling in orbital space vehicles, will 
be treated. 

For the aircraft people — discussions 
of nuclear propulsion, variable air inlet 
control systems; aerodynamic labs; 
noise suppressors and thrust reversers; 
improving jet transport utilization; 
cabin conditioning; pilot selection and 
training; escape capsules and ejection 
seats; constant-speed drives for high- 
Mach aircraft; STOL-VTOL aircraft; 
storing, handling, and filtering of tur- 
bine fuels; as well as a session on pro- 
tecting airborne equipment against vi- 
bration. 


ment, General Electric Co. 
“The Bean, The Cod and Mr. 
Mach.” M.1LT. Faculty Club, 
Boston. Dinner 6:45 p.m. 
Meeting 8:00 p.m. 


ST. LOUIS 

September 22 .. . SAE President 
William K. Creson: “Steering of 
Modern Automotive Vehicles.” 


SALT LAKE 

September 26 .. . SAE President 
William K. Creson: “Steering of 
Modern Automotive Vehicles.” 


SAN DIEGO 

October 6 ... SAE President 
William K. Creson — Presiden- 
tial Message. San Diego State 
College. Dinner 6:30 p.m. 
Meeting 8:00 p.m. Special Fea- 
ture: Joint meeting with San 
Diego State College Student 
members of SAE. 


SPOKANE - INTERMOUNTAIN 
September 19 . . . Panel discus- 
sion on Engine Maintenance 
Problems. Dale Huff, Relite 
Service; Slim Ealior, Zollern 
Piston; and Frank Cain, Allied 
Motor Parts. Desert Caravan 
Inn, Spokane. Dinner 7:15 p.m. 
Meeting 8:00 p.m. 


TEXAS GULF COAST 
September 9... Robert M. Cass, 
vice-president, White Motor Co. 
“Maintenance Problems in 
Transportation.” Houston En- 
gineering & Scientific Society 
Building. Dinner 6:30 p.m. 
Meeting 7:30 p.m. 
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Univ. of Michigan 
Project Aids 
Nuclear Energy Research 


HANNAEAUNGLADNOLTLNNGULURDDOAOLYOROORDOEDUESLAELUUODOOELUADLNSULOESTAEDOOOTLAOREEEEEEONECTD ONT TEE HEELS 


UT of the University of Michigan’s 

Phoenix Project—to investigate 
peacetime uses of atomic energy — 
have come several developments of in- 
terest to automotive engineers. These 
cover the effects of radiation on com- 
bustion and various fundamental re- 
search projects that are expected to 
help improve the design, construction, 
and operation of nuclear reactors. 


Combustion Research 


Studies of the effects of radiation on 
burning of hydrocarbon-air mixtures 
have shown that: 


1. Intensive irradiation of a propane- 
air mixture prior to burning can pro- 
duce a 20% increase in the air specific 
impulse. 

2. Rate of flame propagation in a 
bunsen flame could be increased 50% 
through beta radiation of the propane- 
air mixture before burning. 


Research is continuing on the effect 
of alpha radiation on ignition and com- 
bustion in a closed combustion cham- 
ber. 

Basic Research 


Basic research on the properties of 
high-energy particles has resulted in 
the development of the first successful 
machine to examine photographic 
plates for particle tracks. 

Photographic film is a very effective 
detector of high-energy particles, since 
these particles leave a developable 
streak or track behind as they pass 
through the film. When the film is 
developed, however, there are always 
background grains that confuse the ob- 
server and add substantially to the 
fatigue and errors in finding and iden- 
tifying the real tracks. 

The new scanning machine can do 
the work of 20 observers with higher 
precision, and it makes feasible large- 
scale correlation studies that coulda not 
be even contemplated before. 

This scanner is another development 
in the program that produced the 
“bubble chamber” — a radiation detec- 
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Reported by Henry J. Gomberg, member, SAE Nuclear Energy Advisory Committee 


ir 


Nuclear News 
Notes 
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A feature of the 
SAE Nuclear Ene:gy 
Advisory Committee 
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tion device now in use around the 
world, which, among other things, has 
added materially to our knowledge on 
initiation of boiling in the presence of 
ionizing radiation. 

In the “bubble chamber” a liquid is 
maintained as long as possible in the 
superheated state. The chamber 
makes use of the concept that boiling 
can be initiated by the ionization pro- 
duced by the passage of radiation. 
Then the passage of an ionizing parti- 
cle through superheated liquid causes 
boiling to start along its trail. By ob- 
serving the liquid after the particle 
passes, one can see a trail of tiny vapor 
bubbles marking its path. 

Another interesting research result 
— obtained some years ago under the 
auspices of the Phoenix Project — was 
the discovery of the first high-order 
living organism sensitive to nuclear 
radiation. Such radiation has, of 
course, no effect on any of the senses of 
human beings, so that we cannot be 
aware of dangerous exposure to radia- 
tion. A water spider was discovered, 
however, that apparently can sense 
radiation directly, since when it is ex- 
posed to beam gamma rays it immedi- 
ately departs from the vicinity of the 
beam. 


Other Fields of Activity 


The Phoenix Project has been active 
as well in fields other than pure sci- 
ence. It has supported the legal re- 
search institute of the University in a 
continuing study of the legal implica- 
tions of nuclear energy. This work in- 
fluenced substantially the Atomic 
Energy Act of 1954. Since that time 
model atomic energy legislation for 
state governments has been worked out. 
This legislation has, in principle, been 
adopted by a number of the states, and 
is being considered by others. This 
work has been important in helping to 
prevent the widespread adoption of dif- 
fering and conflicting regulations by 
the states, which could have a serious 
hampering effect on the future develop- 
ment of nuclear energy. 
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Moly Coatings Give 
Aluminum Wear-Resistance 


Based on paper by 


HERBERT S. INGHAM 


Metallizing Engineering Co., Inc. 


PRAYED molybdenum provides a 
molecular bond to aluminum which 
makes it attractive for hard-facing 
aluminum cylinders and cylinder liners. 
Sprayed molybdenum has excellent 
wear properties, provides a bond to alu- 
minum which is free of voids, and 
has good thermal conductivity. Thin 
sprayed coatings on smooth surfaces 
require very little finish allowance. 

Aluminum cylinders and aluminum 
cylinder liners hard-faced with sprayed 
molybdenum expand and contract ap- 
proximately the same as uncoated alu- 
minum, so that minimum clearance 
need be allowed between cylinder and 
piston. 

As an example of the hard-facing 
process, consider a 4 in. diameter by 6 
in. aluminum liner for an automotive- 
type engine. To hard-face this cyl- 
inder, it is first cleaned by sanding, 
then mounted in a trunnion rotating 
device which rotates the cylinder in 
the horizontal position at 115 rpm, and 
indexes 180 deg so that the sleeve can 
be alternately sprayed from either end. 

The cylinder is preheated to 200 F 
and then sprayed with a bond coating 
of 0.002 in. molybdenum using a suit- 
able metallizing-gun extension and an- 
gular air cap. It is then sprayed with 
0.002 in. thick coatings from alternate 
ends with a special low-alloy steel de- 
signed for minimum shrink during 
spraying. The coating is built up to a 
total of 0.012 in. Finishing is by grind- 
ing and honing to a finished thickness 
of 0.007 in. In this example the molyb- 
denum acts as the bonding agent be- 
tween two dissimilar metals. 

As another example, a 2 in. bore 
aluminum cylinder for a light appliance 
will be considered. This is a two-cycle 
engine with ports which break into the 
bore. The cylinder is first painted 
with a colored shellac which acts as a 
masking compound. The crown of the 
cylinder is masked with a metal disc 
held in place with an expanding spring 
ring. The cylinder is mounted in a 
lathe fixture to rotate at 300 rpm and 
is sprayed by feeding the metallizing- 
gun extension all the way in before 
the spray is started and the spray ap- 
plied while the gun extension is fed 
outward. 

In this case, pure molybdenum is ap- 
plied with five 0.002 in. coatings to give 
a final coating of 0.010 in. thickness. 
The sprayed coating is then impreg- 
nated with a baking-type phenolic 
which is baked before finishing. The 
finishing is done by honing, in this 
case to 0.006 in. finished thickness. 

The shellac masking may be removed 

Continued on page 107 
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SAE 


national meetings 


@ September 29-October 4, 1958, 
National Aeronautic Meeting, including 
Aircraft Manufacturing Forum, and 
Aircraft Engineering Display, 
The Ambassador, Los Angeles, Calif. 


@ October 20-23, 1958, Transportation Meeting, 
Lord Baltimore Hotel, Baltimore, Md. 


@ October 21-24, 1958, Diesel Engine Meeting, ‘ 
Lord Baltimore Hotel, Baltimore, Md. 7 


© November 5-6, 1958, Fuels and Lubricants © August 10-13, 1959, National West Coast 
Meeting, The Mayo, Tulsa, Okla. Meeting, Hotel Georgia, Vancouver, B. C., Can. 


e January 12-16, 1959, Annual Meeting, and © September 14-17, 1959, National Farm, 

Engineering Display, Sheraton-Cadillac and Construction, and Industrial Machinery Meeting, 

Statler Hotels, Detroit, Mich. Production Forum, and Display, Milwaukee 
Auditorium, Milwaukee, Wis. 


© March 16-18, 1959, National Passenger Car, 

Body and Materials Meeting, The Sheraton- © October 5-10, 1959, National Aeronautic 

Cadillac, Detroit, Mich. Meeting, Aircraft Manufacturing Forum, and 
Aircraft Engineering Display, The Ambassador, 
Los Angeles, Calif. 


© March 19-20, 1959, National Production Meeting, 

The Sheraton-Cadillac, Detroit, Mich. 
e October 26-28, 1959, National Transportation 
Meeting, La Salle Hotel, Chicago, Ill. 


e March 31-April 3, 1959, National Aeronautic 

Meeting, Aeronautic Production Forum, and 

Aircraft Engineering Display, Hotel Commodore, © October 27-28, 1959, National Diesel Engine 
New York, New York Meeting, La Salle Hotel, Chicago, Ill. 


@ June 14-19, 1959, Summer Meeting, e October 28-30, 1959, National Fuels and 
Chalfonte-Haddon Hall, Atlantic City, N. J. Lubricants Meeting, La Salle Hotel, Chicago, Il. 
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Fleet Operators To Be Aided In Choice 
Of Preventive Maintenance Equipment 


LEET operators will be able to select 

the right instruments for their pre- 
ventive maintenance needs as a result 
of efforts made by the new Instruments 
for Preventive Maintenance Inspection 
Subcommittee. The group expects to 
develop for inclusion in the SAE Hand- 
book a description of the use and signi- 
ficance of a cross-section of preventive 
maintenance equipment. According to 
Chairman A. W. Newmann, Willett Co., 
everything from simple and possibly 
shop-designed gages to complex elec- 
tronic instruments will be considered. 
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New SAE Test Measures 
Mechanical Power Outlet 


SERS and producers of agricultural 

and industrial equipment with power 
outlets may obtain a more accurate 
measure of power available to drive 
auxiliaries through use of SAE’s new 
Mechanical Power Outlet Test Code. 

Specifically, the code measures the 
power take-off output of tractors, grad- 
ers, stationary power plants, and other 
automotive vehicies. This power may 
be used to drive winches, grinders, 
shredders, saws, pumps, tampers, dig- 
gers, and bores. 

In addition to determining fuel con- 
sumption for specific power applica- 
tions, users and producers can find out 
if power transmission components will 
withstand forces resulting from the 
dynamics of power transmission. 

The code will provide equipment 
users with a means of assuring efficient 
performance when mating auxiliaries 
with machines, according to A. J. 
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Eight specialized subgroups have al- 
ready been formed. The Engine and 
Ignition Subgroup, led by G. H. Max- 
well, Hertz Corp., will recommend gages 
and instruments to diagnose, adjust, 
and maintain — 


© Spark-ignited internal-combustion 
engines. 

® Compression-ignited internal-com- 
bustion engines. 

® Electrically operated starting sys- 
tems and all charging systems. 


The Lighting, Wiring, and Accessory 
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Rutherford, chairman of the CIMTC 
group which originated the report. It 
will also permit industrial firms to im- 
prove power transmission systems. 

The Mechanical Power Outlet Test 
Code, which has been approved by the 
Technical Board, will appear in the 
1960 SAE Handbook. 


Hydraulic Servovalve 
Terms Defined for Users 


ERVOVALVE users will find terms 

applicable to hydraulic servovalves 
having electrical inputs in SAE’s new 
Aeronautical Recommended Practice 
490. A description of standard servo- 
valve classes and parameters which can 
be stated uniformly are also included. 

The report defines a servovalve as a 
valve normally used in a servomecha- 
nism which has a hydraulic output 
(flow, pressure) which is a function of 
an electrical input ‘voltage, current, 
differential current). It is confined to 
describing parameters which are pecul- 
iar to such valves. 

According to ARP 490, servovalves 
should be classed as follows: 

e By pressure or flow control. 

e As single stage, two stage, or three 
stage. 

e By number of hydraulic ports (3 or 
4) and wires or pins (2, 3, or 4) in elec- 
trical leads or connectors. 

Flow control servovalves should have 
a type designation according to the flow 
output when the load pressure drop is 
24 supply pressure. 

ARP 490, Electric Input Hydraulic 
Servovalve, was developed by Commit- 
tee A-6, Aircraft and Missile Hydraulic 
and Pneumatic Systems and Equip- 
ment. 
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Equipment Subgroup, under Chairman 
C. P. Hoffmann, Jr., American Truck- 
ing Association, Inc., will do the same 
for headlamps, signal, marker and 
clearance lamps, wiring systems, and 
switches and accessories such as radios 
and windshield wipers. 


W. L. Bennett, Baltimore Transfer 
Co., as chairman of the Interstate 
Commerce Commission Compliance 
Subgroup is piloting a study of ICC 
Motor Carrier Safety Regulations in an 
effort to provide the various subgroups 
with regulations that might require 
the use of preventive maintenance in- 
strumentation. 


In addition to the above, subgroups 
have been formed to cover brakes, run- 
ning gears, cooling systems, refrigera- 
tion systems, and hydraulic and pneu- 
matic systems (exclusive of brakes). 
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Standard Set for 
Liquid 0. Instruments 


ERFORMANCE requirements for liq- 

uid oxygen quantity instruments sub- 
ject to commercial transport environ- 
ment may be found in SAE’s new Aero- 
nautical Recommended Practice 433. 
In developing the report, the Aircraft 
Instruments Committee (A-4) departed 
from its usual practice of setting mini- 
mum performance standards which are 
usually referenced in CAA-TSOs. 

The report covers 400-cycle 110-vac 
instruments for use with associated liq- 
uid oxygen converters. It is applicable 
to instruments that operate at altitudes 
of — 1000 to 50,000 ft, - 55 C to 70 C am- 
bient, and 0 to 95% relative humidity. 

The following input converter capac- 
itances are included: 
Converter Capacitance of 
Capacitor Empty Converter 

(liters) (cuuf) 


5 63.5 
10 123.5 
25 303.5 


According to ARP 433, capacitance 
for converters containing liquid oxygen 
should be calculated as follows: 


C=C.+5.796V 
C =Total capacitance (uuf) 
C. = Capacitance of empty converter 
(uuf) 
V = Volume of liquid Oxygen in con- 
verter (liters) 


ARP 433, Liquid Oxygen Quantity 
Instruments, was recently made avail- 
able from SAE Headquarters in New 
York. 
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6 New, 11 Revised Aero 
Reports Released by SAE 


IX new and eleven revised aeronauti- 

cal reports have been released by the 
Society. They were issued July 15 and 
are available from SAE Headquarters. 
The reports may be obtained as a set 
or individually. 


AS 394A Rate of Climb Indicator, 
Pressure Actuated (Vertical Speed 
Indicator) 

AS 396B Bank and Pitch Instruments 
(Indicating Stabilized Type) (Gyro- 
scopic Horizon, Attitude Gyro) 

AS 397A Direction Instrument, Non- 
Magnetic, Stabilized Type (Direc- 
tional Gyro) 

AS 398A Direction Instrument, Mag- 
netic, Non-Stabilized Type ‘(Mag- 
netic Compass) 

AS 399A Direction Instrument, Mag- 
netic ‘Stabilized Type) 

AS 403A Stall Warning Instrument 

AS 405B Fuel and Oil Quantity In- 
struments 

*ARP 425 Recommended Cockpit No- 
menclature 

"ARP 433 Liquid Oxygen Quantity In- 
struments 

"ARP 490 Electric 
Servovalve 

ARP 497 Precision Control Motors 

“ARP 499 Passageway Door Operation 

ARP 502 Propeller Shaft Ends — 
Flanged Small Aircraft Engine 

ARP 550A Accessory Envelope Type 
XII for 642" Nominal Diameter Gen- 
erators 

ARP 551A Accessory Envelope for 8” 
Nominal Diameter Generators 

ARP 552A Accessory Envelope Type 
XVI for 11” Nominal Diameter Gen- 
erators AC or DC 15 to 60 KVA (Type 
I & II) 

ARP 553A Accessory Envelope Type 
XVI for 11’ Nominal Diameter Gen- 
erators AC or DC Above 60 KVA 
(Type I & ID 


Input Hydraulic 


n pages 94 and 9 


New ARP Insures Proper 
Use of Cockpit Terminology 


© AVOID possible confusion of air- 
craft cockpit terms, SAE has re- 
leased a new Aeronautical Recom- 
mended Practice on Standard Cockpit 


Nomenclature (ARP 425). The docu- 
ment lists abbreviations which appear 
on diagrams, panels, consoles, and 
other areas where limited space pre- 
vents a complete description. 


A Joint Nomenclature Subcommittee 
of the Cockpit Standardization Com- 
mittee (S-7) and the Instruments 
Committee (A-4) developed ARP 425 
at the request of S-7 Chairman M. G. 
Beard. 
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AE-2 Adds Missile Sensing Systems to Scope 


HE Temperature Measuring Devices Com- 


mittee (AE-2) 


is planning to broaden 


its scope to cover missile sensing devices as 
related to such variables as radiation, ac- 


celeration, and pressure. 


The enlarged 


scope will enable AE-2 to meet the growing 
sensing systems needs of missiles and rock- 
ets in addition to new high-altitude manned 


aircraft. 


Early Stages of Ground Testing 


To begin with, studies will be limited to 
the early stages of ground testing, accord- 
ing to In-Coming Chairman John H. Col- 


lins, Thermo Electric Co., Inc. 


Dr. E. F. 


J. H. Collins 


Fiock, Rocket Fuels Division, Phillips Petro- 
leum Co., will serve as chairman of the committee’s new Rockets and 
Missiles Subcommittee, which has been formed to carry out a major 


part of the proposed work. 


AE-2 expects to coordinate its activities closely with those of the 
Flight Control Systems Committee (A-18) and the Aircraft and Mis- 
sile Hydraulic and Pneumatic Systems and Equipment Committee 


(A-6). 
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Technishorts . . . 


THE FIRST JET TRANSPORT TO BE 
DELIVERED TO A U. S. AIRLINE was 
piloted by Capt. Scott Flower, vice 
chairman of SAE’s Cockpit Standardi- 
zation Committee (S-7), on a test flight 
from San Juan, P. R., to New York 
August 24. The 4-engined plane is the 
first of six Stratoliners that Pan Ameri- 
can World Airways plans to put into 
trans-Atlantic service by Nov. 1. The 
$5,000,000 144-ft Boeing 707 made its 
1,602-mile trip in 3 hr 24 min at an 
average speed of 540.5 mph and at an 
altitude of 32,000 ft. 

Capt. Flower, Pan American, has 
been an S-7 member since it’s organiza- 
tion in 1950. He has had a hand in 
developing many standards used in this 
and other new commercial jet trans- 
ports. 


ENGINEERS FROM EVERY PRIME 
MISSILE MANUFACTURER form the 
membership of A-6’s new Missiles Sub- 
committee which will handle hydraulic 
and pneumatic technical problems pe- 
culiar to missiles. 

G. R. Keller of North American’s Au- 
tonetics Division has been named 
chairman. He will conduct the first 
meeting during the next A-6 meeting 
which has been scheduled for Septem- 
ber 23-26 at the Los Angeles Ambas- 
sador by A-6 Chairman B. R. Teree. 


AIRCRAFT FUEL SYSTEM CRYO- 
GENICS — SAE’s Committee A-16 on 
Aircraft and Missile Fuel, Oil, and Oxi- 
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dizer Systems will handle cryogenic 
problems posed by aircraft and missile 
fuel systems. A-16 work will cover 
basic fuel mixtures, an inerting me- 
dium for fuel tanks, or fuel line and 
engine purging, according to Chairman 
P. H. Jones, North American Aviation, 
Inc. (Aircraft cryogenics pertain to 
the storage, pumping, and use of lique- 
fied gases.) 


TRANSMISSION POWER TAKE-OFF 
SUBCOMMITTEE’s first meeting was 
held in Detroit August 26. R. E. 
Fletcher, Dana Corp., is chairman. 


MAKERS OF HOT GAS TURBINE 
STARTERS FOR JET ENGINES can 
determine general space requirements 
for their equipment through use of 
SAE’s new AIR 61 on Hot Gas Turbine 
Starter Composite Outline Drawings. 
Maximum dimensions of representative 
models are shown in the report, which 
was developed by the Aircraft Starters 
Committee (A-17). 


SAFE PASSAGEWAY DOORS IN 
COMMERCIAL TRANSPORTS—Faced 
with designing safety features into 
commercial transport passageway 
doors? If you’re looking for minimum 
blockage and jamming in an exit pas- 
sage, SAE’s new Aeronautical Recom- 
mended Practice 499 provides a check- 
list of what to consider. Developed by 
the Cabin Safety Provisions Commit- 
tee, the report is available from SAE 
Headquarters. 





About SAE Members 


J. H. FAMME has been made works 
manager, plant 2, Convair Division, 
General Dynamics Co., San Diego, Calif. 
He was previously assistant chief en- 
gineer with Convair. Famme is SAE 
Councilor, 1958-1959 and was 1957 SAE 
vice-president representing Aircraft 
Activity. 


HENRY JENNINGS has joined An- 
thony. B. Cassedy & Associates, Man- 
agement Engineers, as senior automo- 
tive manager specializing in fleet work. 
Jennings, a past vice-president for 
Transportation and Maintenance for 
SAE, was technical editor of “Fleet 
Owner” for about eight years. Before 
that, he had been an engineer on the 
staff of the Society. He was a techni- 
cal editor of “Commercial Car Jour- 
nal” prior to his association with the 
Society’s staff. Jennings has also held 
engineering positions in the truck 
manufacturing industry. 


WALTER E. SCHIRMER has been 
elected president of Clark Equipment 
International, C.A. He has been with 
Clark for 21 years, and since 1947, has 
served as vice-president and general 
manager. 


ROBERT B. HAWKINS, has been 
elected vice-president—sales and a di- 
rector of the Zollner Corp., Fort 
Wayne, Ind. He was previously mana- 
ger of the Birmingham sales office with 
the same firm. 


DONALD R. SPOTZ was appointed 
vice-president in charge of sales for 
Pesco Products Division and Wooster 
Division, Borg-Warner Corp. He was 
formerly general sales manager at 
Pesco Products Division. 


ROBERT E. WILKIN has been made 
a senior vice-president of Hooker 
Chemical Corp., Niagara Falls, N.Y. 
He was previously vice-president and 
director of sales with the same firm. 


Cc. G. BAUER has been appointed 
director of the newly-created quality 
control office for the automotive manu- 
facturing group, Chrysler Corp., under 
L. I. WOOLSON, corporation vice- 
president and director of manufactur- 
ing services. He had been quality con- 
trol director, corporate manufacturing 
staff since 1957. 


R. M. WEBSTER has been appointed 
executive engineer of the vehicle design 
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Schirmer 


Hawkins 


department, Sidney, O., Division of 
Mack Trucks, Inc. Associated with the 
Mack organization since 1931, he was 
formerly new development engineer at 
Mack’s Allentown plant. 


CHARLES J. JACOBUS has been ap- 
pointed chief engineer of the Trojan 
Division, of Yale & Towne Mfg. Co. 
Prior to this he was product engineer, 
Construction Machinery Division, Clark 
Equipment Co. 


CHARLES M. G. WILDER has been 
appointed manager of engineering and 
manufacturing, Clark Door Co., New- 
ark, N.J. Since 1953, he has been asso- 
ciated with the Detroit Diesel Engine 
Division of General Motors Corp., as 
supervisor of a product development 
group. 


LESLIE G. WRIGLEY has become 
sales manager of automotive sales for 
the textile division of United States 
Rubber Co. He was previously account 
manager of manufacturers sales and 
has been with U.S. Rubber since 1940. 


W. P. PANNY has become assistant 
chief engineer in charge of light trucks, 
Truck Engineering Section of Chrysler 
Corp., Detroit. 

H. R. PICKFORD replaces Panny as 
assistant chief engineer in charge of 
heavy trucks. 


WALTER T. CZUBA will be engaged 
in operations research work with Tech- 
nical Operations, Inc. He has been 
associated with Ford Motor Co., AiRe- 
search Mfg. Co., and the Talco Co., as 
well as being self-employed as a con- 
sulting engineer. 


M,. L. FICKEL formerly sales engi- 
neer, Purolator Products, Inc., is now 
with Bendix Aviation Corp., Bendix 
Filter Division, holding the same po- 
sition. 


RICHARD R. BRIDGE has been 
made development engineer for Fair- 
banks, Morse & Co., Beloit, Wis. He 
was previously supervising engineer, 
Diesel Division, with the same firm. 


RONALD S. HARRELSON has been 
made major test project engineer, Gen- 
eral Electric Co., Cincinnati, Ohio. He 
was previously experimental engineer, 
Allison Division of General Motors 
Corp., Indianapolis, Ind. 
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E. S. HOKE has been named regional 
manager, White Motor Co., Philadel- 
phia, Pa. Associated with the com- 
pany since 1939, he was formerly assist- 
ant to the vice-president in charge of 
sales and branch manager at Cleveland 
offices. 


W. R. WALKER has been appointed 
manager of original equipment sales, 
Tuthill Spring Co. He has been with 
the company since 1940 and was pre- 
viously a sales engineer. 


HAROLD F. YOUNG was named 
general manager, Montreal plant, Do- 
minion Steel and Coal Corp. He was 
previously chief production engineer 
with Avro Aircraft, Ltd. 


H. T. THOMPSON has been made 
sales manager, standard fastener pro- 
ducts, for the Chicago Screw Co. Divi- 
sion of the Standard Screw Co. He 
has been with the company since 1939 
and was formerly responsible for mar- 
keting of special products. 


DR. RAY P. DINSMORE, vice-presi- 
dent of research and development, 
Goodyear Tire & Rubber Co., Akron, 
Ohio, will serve as judge in new contest 
for industrial scientists, called “Jobs 
for Tomorrow.” 


CHESTER A. SMITH has been ap- 
pointed to represent National Truck 
Leasing System as consultant in con- 
sumer relations for the East Coast area. 
Prior to his retirement from General 
Motors in 1954, Smith was associated 
with the corporation for 32 years. 


FRANK JOSEPH WROBLESKI has 
been made aeronautical research en- 
gineer at the Langley Aeronautical 
Laboratory of the National Advisory 
Committee for Aeronautics. He was 
formerly analytic engineer for Pratt & 
Whitney Aircraft Division of United 
Aircraft Corp. 


DEWEY D. COOK has become presi- 
dent of Component Engine Parts, Inc., 
Northbrook, Ill. Prior to this he was 
president, Daros American Corp., 
Skokie, Il. 


RAYMOND TAYLOR has been made 
resident engineer at the Dodge Assem- 
bly Plant, Chrysler Corp., Detroit. He 
previously served as an engineer with 
Chrysler’s Car and Truck Assembly 
Group. 


Hoke 
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PAUL W. O’MEARA has recently 
joined the Air Materiel Command Bal- 
listic Missile Office in Inglewood, Calif., 
as assistant for production engineering. 
Previously, he was with AMC Head- 
quarters as project engineer on the nu- 
clear-powered bomber and the Bomarc 
weapon system. 


EUGENE J. FAUST is now design 
engineer with the Propellant Division 
of Interior Ballistics Laboratory at the 
Aberdeen Proving Ground, Aberdeen, 
Md. He was formerly senior engineer 
with the Wright Aeronautical Division 
of Curtiss Wright Corp. in Woodridge, 
N. J. 


RICHARD BAVERSTOCK is vice- 
president of Imperial Machine Prod- 
ucts Co. of South Gate, Calif., a com- 
pany formed in April to manufacture 
carburetors. Formerly, he was with 
the Marvel-Schebler Products Division 
of Borg-Warner Corp. in Decatur, Il. 


BELDING H. McCURDY is general 
manager of the Tastee Snack Corp., St. 
Petersburg, Fla. He has been assistant 
general manager of Cargill Detroit 
Corp. in Birmingham, Mich. 


SAE members OLIVER G. LEWIS 
and JAMES A. WILSON are two of the 
three co-inventors of an automated 
treadmill for test cars which evaluates 
experimental motor fuels and lubri- 
cants at the Esso Research Center. 

The treadmill accommodates up to 
eight unmanned cars, all of which can 
be “driven” simultaneously by one man 
stationed in a control house. Thus, 
for some types of engine tests, it is no 
longer necessary to send cars out on 
the road. 

Magnetic tape recordings, made dur- 
ing on-the-road runs, control the ac- 
celeration and braking cycle of the test 
cars in an exact duplication of the way 
a motorist would start, accelerate, slow 
down, and stop his car during normal 
driving. 

This duplication makes it possible to 
test gasolines and lubricants under 
conditions which reflect typical driving 
patterns more realistically than has 
been possible until now — without ac- 
tually driving cars over the road. 


J. T. SYDENSTRICKER is now en- 
gineer — local manufacture, of Equip- 
amentos Clark Piratininga S.A., in 
Brazil. This is a new company asso- 
ciated with Clark Equipment Co., of 


Harder 


D. S. HARDER, vice-president and 
technical adviser to the president and 
chairman of the board of Ford Motor 
Co., has been awarded an honorary 
Doctor of Laws degree by Bethany Col- 
lege in West Virginia. He joined Ford 
in 1946 as vice-president — operations, 
and within the next year became vice- 
president — manufacturing. He was 
elected executive vice-president — basic 
manufacturing divisions in January, 
1955, and was named to his present 
position in April, 1958. 


Michigan and Maquinas Piratiningas 
S.A. of S. Paulo. He was previously 
engineer — manufacturing training 
course, for the Caterpillar Tractor Co. 


ROBERT E. CARBAUH is now presi- 
dent and chief consultant of the Pet- 
car Research Corp. in Brookline, N. H. 
He has been manager of the Fire De- 
tector Section, American Machine & 
Foundry Co., New York City. 


LAWRENCE P. FISHER, vice-presi- 
dent of Fisher and Co., has been elected 
to the board of The Detroit Edison Co. 
He also serves on the boards of General 
Motors Corp. and the Continental Ili- 
nois National Bank and Trust Co. 


GLOVER E. RUCKSTELL has be- 
come a technical specialist with the 
Pesco Products Division of Borg-Warner 
Corp. in Azusa, Calif. He was pre- 
viously chairman of the board for 
Ruckstell Corp. in Azusa. 


WALTER V. ALLEY, JR., has been 
made director of the wheel alignment 
and frame clinic, for the Ferris Insti- 
tute, Big Rapids, Mich. Prior to this 
he was an instructor at General Motors 
Institute, Flint, Mich. 





SAE Past-President 
James GS Zeder says: 


Engineering Schools Must 


Provide Broad Know-how 


440) UR engineering education today is inadequate unless it gives the young engineer 

the broad knowledge that will enable him to move with the times — to shift 
from one technical field to another — to take on management responsibilities — and 
to make important contributions to the whole vital field of public policy in an age 
that will be profoundly affected by expanding science and technology, James ae 
Zeder, vice-president, Chrysler Corp., told guests attending the Production Engineer- 
ing Luncheon at the Semi-Annual Convention of the ASME. 


Elaborating on the need for an enlightened engineering curriculum, Zeder said, 
“Today more and more engineers are being called into research, because industry and 
government are having to dig deeper and deeper to find the answers to their engi- 
neering problems. According to the National Science Foundation, in 1920 less than 
3% of the engineering graduates in this country went into research and development. 
Today well over 25% go into research and development. And in some fields of 
engineering, such as electronics, 90% of the graduates are hired for research jobs. 


“In many areas of research, the difference between the work of the scientist and 
the engineer is indistinct. Most of classical physics, for instance, has become an 
everyday working tool for advanced engineering. And it seems certain that, as the 
physicist explores new fields such as nuclear energy, he will virtually abandon to the 
engineer the areas of fluid mechanics, electromagnetic fields, heat transfer, thermo- 
dynamics, and the properties of metals. 


“Although the efforts of the scientist and the engineer are moving closer together, 
they are not the same. The engineer's unique contribution to research is still — 
and must always be — the practical point of view. It is the engineer who applies 
scientific principle to a product — who puts scientific discovery to work for useful 
purposes. 


“If the demands of our time require the engineer to stay ahead of scientific prog- 
ress, his education should make it possible for him to meet new technical 

and overcome new professional problems and obstacles. But engineering 
should do even more. It should give the student engineer the ability to 
himself with ease and clarity, an understanding of the world he lives in and im- 
pact that technology has had on it, an acquaintance with the heritage of cul- 
tural fields, and a sense of moral and ethical values. 


“In the highly technological future, the engineer will need to have a broad under- 
standing of economic, political, and social problems. For he will be called upon 
play an increasingly important role not only in management and research, but 


in the governmental affairs of his community, state, and nation — in world economic 


development — and in the search for a lasting world peace. 


“The growing influence of the engineer in our modern world makes it necessary 
that he have a more-than-passing acquaintance with the humanities and social 
ence. Our ever-expanding knowledge of the physical sciences has enlarged 
knowledge he must have of scientific fundamentals. At the same time the 
of specialized in which the engineer is involved has increased 

is bei how can 


STEPHEN J. ZANDS’ recent contri- 
bution to the Journal of Applied Math- 
ematics and Physics (published in 
Switzerland) is titled “Three Hundred 
Years of Vibration Engineering.” In 
his paper, Zand sketches the history of 
the researches conducted in physics 
and applied mathematics which bear 
on oscillatory phenomena. 


G. T. UNDERHILL has become vice- 
president sales, Seymour Mfg. Co., Sey- 
mour, Conn. He was previously vice- 
president sales, Victor Mfg. Co., in 
Chicago. 


WILLIAM A. LEEPER has been ap- 
pointed supervising metallurgist for 
Cameron Iron Works, Houston, Texas. 
Prior to this he was chief metallurgist, 
Oliver Corp., South Bend, Ind. 


ROBERT RITCHIE has become re- 
gional sales manager, Original Equip- 
ment Division, Zollner Corp., in Detroit. 
He was formerly sales engineer with 
Zoliner. 


MUNDY I. PEALE has been ap- 
pointed by the U.S. Treasury Depart- 
ment, to be chairman of the Nassau 
County Savings Bonds Committee. He 
will head a committee of more than 60, 
whose purpose is to intensify Savings 
Bonds sales. Peale is president of Re- 
public Aviation Corp. 


EDWARD H. WELLS, vice-president 
of Johns-Manville’s Sales Corporation, 
has also been made assistant general 
manager of the Johns-Manville Pack- 
ings and Friction Materials Division, 
Johns-Manville Corp. He joined the 
company in 1928. 


ALFRED B. CURTIS who was pre- 
viously district sales manager for auto- 
motive equipment at Detroit, has be- 
come sales manager for packings and 
textiles in New York. He joined com- 
pany in 1925. 


ALEC E. HEWLETT, former senior 
sales representative for automotive 
equipment at Detroit, succeeds Curtis 
as district sales manager. 


CARL C. SAAL has been appointed 
chief of the Division of Traffic Opera- 
tions, Office of Research, Bureau of 
Public Roads, U.S. Department of Com- 
merce, Washington, D.C. Prior to this 
he was chief of the vehicle operations 
branch of the Highway Transport Re- 
search Division. 


H. RICHARD O’HARA, JR. was made 
superintendent of Buick Factory 5 in 
charge of Dynaflow machining and 
heat treatment, Flint, Mich. He has 
been with Buick for 16 years and was 
previously general assistant superin- 
tendent. 


Continued on page 104 
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Atlanta 
P. W. Godard 
Cecil R. Stockard 
Robert F. Stoessel 
Aircraft 
J. W. Griffith Vice-Chairman 
Fuels and Lubricants 
Charles B. Sanford, Jr. Vice-Chairman 
Transportation and Maintenance 
W. M. Law Treasurer 
William Richard Harper . Secretary 
Address of Secretary —4851 Durden 
Drive. N.E., Atlanta 19, Ga. 


Chairman 
Vice-Chairman 
Vice-Chairman 


Baltimore 

George C. Milan ; 

Fred A. Robbins Vice-Chairman 

Louis S. Beers Vice-Chairman 
Aeronautics 

Harold V. Nutt Vice-Chairman 
Diesel Engine 

William Kaplan Vice-Chairman 

FPuels and Lubricants 
J. Kenneth Gardner .. Vice-Chairman 
Transportation and Maintenance 

George A. Bamford . Treasurer 

Paul Laichinger, Jr. Secretary 

Address of Secretary — 468 W. Bel Air 
Ave., Aberdeen, Maryland 


Chairman 


British Columbia 


Donald F. Pennell Chairman 
Thomas L. Coulthard . Vice-Chairman 
George T. Perry Vice-Chairman 
Fuels and Lubricants 
H. C. Givins Vice-Chairman 
Transportation and Maintenance 
Ralph B. Kelleway .. Treasurer 
John Bernard Tompkins Secretary 
Address of Secretary — Westrade Pub- 
lications, Ltd., 779 W. Broadway, Van- 
couver 9, B.C., Can. 


Buffalo 


Richard A. Batt 
Churchill Bartlett Vice-Chairman 
Russell F. Sanders Vice-Chairman 
Rochester 

Robert E. Lenz . Treasurer 
David O. Smith Secretary 
Address of Secretary — 457 Woodgate 
Road, Tonawanda, New York 


. Chairman 


Canadian 


Stephen M. Young 

Harold C. Brindle Vice-Chairman 

Stephen Palmer Vice-Chairman 
Hamilton 

William B. Flora Vice-Chairman 
Kitchener 

Russell Gage Vice-Chairman 

London-Sarnia 
E. John Barbeau Vice-Chairman 
Niagara Peninsula 


Chairman 


SEPTEMBER, 1958 


William Arthur Woodcock 

Vice-Chairman 
Brenton Wilbert MacKeen 

Vice-Chairman 
Lloyd A. Hassell Treasurer 
George R. Jackson Secretary 
Address of Secretary — 343 Durie St., 
Toronto 9, Ont., Can. 


Oshawa 


Windsor 


Central Illinois 


William J. Lux Chairman 
Russell W. Rand Vice-Chairman 
Thomas Edward Hrodey 
Vice-Chairman 
Decatur 
Charles H. Herr, Jr. Vice-Chairman 
Springfield 
Milton C. Neul Treasurer 
Arthur H. Pickford Secretary 
Address of Secretary — 4202 Holly- 
ridge Circle, Peoria, Illinois 


Chicago 


Maurice L. Hamilton 
Wilson A. Gebhardt 
Wendell E. Eldred 
Aircraft 
Elliott S. Nachtman .. Vice-Chairman 
Engineering Materials and Production 
Wesley H. Day Vice-Chairman 
Fuels and Lubricants 
Walter M. Buben . Vice-Chairman 
Parts and Accessories 
Ralph L. Handy Vice-Chairman 
Passenger Car 
Hans L. Wittek Vice-Chairman 
Tractor, Industrial Power and Diesel 
P. A. Taillefer Vice-Chairman 
Transportation and Maintenance 
William L. Cook Vice-Chairman 
Truck and Bus 
William E. White Vice-Chairman 
South Bend 
Edward D. Hendrickson . Treasurer 
Philip J. Sperry Secretary 
Address of Secretary — 4048 Clausen 
Ave., Western Springs, Illinois 


Chairman 
Vice-Chairman 
Vice-Chairman 


Cincinnati 
Harry A. Truscott 
John A. Schreibeis 
F. P. Waldmann .......... Treasurer 
Arthur R. Ehrnschwender .. Secretary 
Address of Secretary — Cincinnati Gas 
and Electric Co., 2130 Dana Ave., Cin- 
cinnati 7, Ohio 


Cleveland 


J. Howard Dunn .. 

Edwin H. Scott Vice-Chairman 

William Denton Vice-Chairman 
Akron-Canton 

John R. Long Vice-Chairman 

Aeronautics 

J. Rowland Doyle Vice-Chairman 

Diesel Engine 


Chairman 
. Vice-Chairman 


Chairman 


Harry F. Hostetler Vice-Chairman 
Fuels and Lubricants 
T. C. Noon Vice-Chairman 
Production 
Joseph B. Boynton Vice-Chairman 
Transportation and Maintenance 
William S. Coleman Vice-Chairman 
Truck and Bus 
John P. Henson Treasurer 
L. L. Young Secretary 
Address of Secretary —Cleve. Diesel 
Eng. Div., General Motors Corp., 2160 
W. 106th St., Cleveland 11, Ohio 


Dayton 


Elton S. Moyer Chairman 
Garthwood R. Taylor . Vice-Chairman 
George Edward Thompson 
Vice-Chairman 
Aeronautics 
Jack P. Pedersen Vice-Chairman 
Columbus 
Robert A. Rodgers Vice-Chairman 


Springfield 
Harry A. Nelson Treasurer 
Wilbur J. Oakley Secretary 
Address of Secretary — 3120 Earlham 
Drive, Dayton 6, Ohio 


Detroit 


William Edward Burnett Chairman 

Bernard W. Bogan Vice-Chairman 

Vaino J. Vehko Vice-Chairman 

Aeronautic and Missile 
Daniel M. Adams Vice-Chairman 
Body 
Richard B. Saltonstall Vice-Chairman 
Engineering Materials 

Wallace S. Berry Vice-Chairman 
Junior Activity 

Robert Anderson Vice-Chairman 
Passenger Car 

Bernard E. Ricks Vice-Chairman 

Production 
George C. Harbert Vice-Chairman 
Regional 
Donald N. Frey Vice-Chairman 
Student 

Donald J. La Belle Vice-Chairman 
Truck and Bus 

George A. Delaney . Treasurer 

Max M. Roensch . Secretary 

Address of Secretary — Exper. Opera- 

tions, Chevrolet Motor Div., General 

Motors .Corp., 30003 Van Dyke Ave., 

Warren, Michigan 


Hawaii 


W. J. Maze 
Harry K. Sproull Vice-Chairman 
George A. Roth Vice-Chairman 
Aeronautics 
James L. Shetterly Vice-Chairman 
Hawaii 
Joseph O. Pueschel 
Maui 
George K. Sereno Treasurer 
Morito Tsutsumi Secretary 
Address of Secretary — Hawaiian Tele- 
phone Co., P. O. Box 2200, Honolulu, 
Tica 


Chairman 


Vice-Chairman 


Continued on next page 
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Indiana 


Walter M. Horner ........ Chairman 

Melvin E. Estey ...... Vice-Chairman 

Darrell D. DonCarlos . Vice-Chairman 

Aircraft 

Bradley A. Woodhull . Vice-Chairman 
Diesel Engine 

Louis M. Blanchette . Vice-Chairman 
Passenger Car 

J. D. Bryan Vice-Chairman 

Transportation and Maintenance 

Vernon H. Lewis .... Vice-Chairman 
Truck and Bus 

Eugene Josef Geiger . Vice-Chairman 

Fort Wayne 

Paul E. Martin .... 

Robert M. Tuck .... .. Secretary 

Address of Secretary — Trans. Engrg. 

Dept., Allison Div., General Motors 

Corp., Indianapolis 22, Indiana 


Kansas City 


Evan D. Bolin .. 
Anthony E. Cocoros .. Vice-Chairman 
Russel K. Rourke .... Vice-Chairman 
Aeronautics 
Gene R. McLaughlin . Vice-Chairman 
Fuels and Lubricants 
Earl Wesley Roark .. Vice-Chairman 
Transportation and Maintenance 
Henry Hurla Treasurer 
H. E. Mathews prt .. Secretary 
Address of Secretary — Columbia Truck 
Leasing Co., 2444 Grand Ave., Kansas 
City, Mo. 


Chairman 


Metropolitan 


Sydney G. Tilden, Jr. Chairman 
Robert W. Hogan . Vice-Chairman 
A. Sidney Hanson, Jr. Vice-Chairman 
Aeronautics 
Jere Tiffin Farrah ... Vice-Chairman 
Air Transport 
L. A. Douglass . Vice-Chairman 
Diesel Engine 
J. T. Bugbee .. Vice-Chairman 
Fuels and Lubricants 
T. K. Rossiter .. Vice-Chairman 
Passenger Car and Body 
Andrew R. Barr Vice-Chairman 
Student 
Robert H. Arnold .... Vice-Chairman 
Transportation and Maintenance 
Robert C. McGuire Treasurer 
M. Gould Beard . Secretary 
Address of Secretary — American Air- 
lines, Inc., Equip. Res., LaGuardia Air- 
port Station, Flushing 71, N. Y. 


Mid-Continent 


W. L. Thompson . 
Harold T. Quigg .. 
Cecil L. Cotton 
Aircraft 
Walter James Ewbank Vice-Chairman 
Fuels and Lubricants 
John C. Lewis ; Vice-Chairman 
Transportation and Maintenance 
Idan E. Flaa Treasurer 


Chairman 
Vice-Chairman 
Vice-Chairman 


Leonard W. Okon Secretary 
Address of Secretary — Kerr-McGee 
Oil Industries, Inc., Deep Rock Div., 
P. O. Box 1031, Cushing, Oklahoma 


Mid- Michigan 
Everett W. Otto 
Anthony J. Pane 
Raymond J. Schultz 
Walter F. Long i 
Address of Secretary — Oldsmobile Div., 
General Motors Corp., 1014 Townsend, 
Lansing, Michigan 


Milwaukee 


Dean G. Thomas 
Leo J. Lechtenberg .. 
James W. Mohr 
George A. Rea 
Address of Secretary — Body & Hoist 
Div., Heil Co., 3000 W. Montana, Mil- 
waukee, Wis. 


Vice-Chairman 


Mohawk-Hudson 


M. J. Severino . Chairman 

John B. James . . Vice-Chairman 

John P. Thomas .... Vice-Chairman 

Albany 

W. Clement Palin, Jr. . Vice-Chairman 
Schenectady 

Walter F. Venneman 

John H. DeWitt 

Address of Secretary — Clinton 

Heights, Rensselaer, New York 


Montreal 


David J. Munro es 

Alfred Hugh Paton ... Vice-Chairman 

George Bisson ....... Vice-Chairman 
Ottawa 

F. T. Moore Vice-Chairman 

Vice-Chairman 


John W. Hammond .. Vice-Chairman 
Transportation and Maintenance 
Gaston Beauchamp Treasurer 
William E. MacKenzie . Secretary 
Address of Secretary — Auto. Div., Ca- 
nadian Car Co., Ltd., 621 Craig St. W., 

Montreal 3, Quebec, Can. 


New England 


O. E. Johnson .. 
Robert G. Douglass 
Ralph D. Baker . Treasurer 
Stuart W. Kneen Secretary 
Address of Secretary — Boyertown 
Body and Equipment Co., 1955 Massa- 
chusetts Ave., Cambridge 40, Mass. 


Chairman 
Vice-Chairman 


Northern California 


Victor C. Peterson Chairman 

Morris H. Pomeroy Vice-Chairman 

S. Cameron Hackney . Vice-Chairman 
Aeronautics 


Frank L. Jarrett Vice-Chairman 
Diesel Engine 
John F. Koehnle ..... Vice-Chairman 
Fuels and Lubricants 
Bruce Edward Boswell. Vice-Chairman 
Regional 
Ralph H. K. Cramer . 
Student 
Irving M. Harlow .... Vice-Chairman 
Transportation and Maintenance 
Donald C. Wimberly . Treasurer 
Charles R. Coffey .. Secretary 
Address of Secretary — United Eng. & 
Mach. Co., 310 Preda St., San Leandro, 
California 


Vice-Chairman 


Northwest 


Lloyd M. Landwehr 
Wallace M. Brown 
Otto E. Kirchner, Sr. 
Aircraft 
E. J. Wood Vice-Chairman 
Fuels and Lubricants 
A. D. Bullock a Vice-Chairman 
Transportation and Maintenance 
Albert T. Baines . Treasurer 
Louis W. Schroeder Secretary 
Address of Secretary — Pacific Car and 
Foundry Co., P. O. Box 3505, 8801 E. 
Marginal Way, Seattle 24, Washington 


Chairman 
Vice-Chairman 
Vice-Chairman 


Oregon 


Joseph J. Lovretich 
Milton E. Winters Vice-Chairman 
Wilbert C. Freer Vice-Chairman 
Diesel Engine 
Stanley W. White Vice-Chairman 
Fuels and Lubricants 
W. H. Paul .. Vice-Chairman 
Student 
Jacques M. Long Vice-Chairman 
Transportation and Maintenance 

Arthur L. Donaldson Treasurer 
Melvin L. Gordon Secretary 
Address of Secretary— Mel Gordon 
Battery and Tire Co., 909 S. E. 12th, 
Portland, Oregon 


Chairman 


Philadelphia 


Josiah French 
Donald R. Diggs 
Albert L. Lockwood 
Aircraft 
Theodore A. Kramer . Vice-Chairman 
Fuels and Lubricants 
Frank J. Woechan ... Vice-Chairman 
Transportation and Maintenance 
Frank Potts Vice-Chairman 
Truck and Bus 
Donald P. Osterhout, Jr. Treasurer 
Leon F. Dumont Secretary 
Address of Secretary —1615 Windy- 
bush Road, Wilmington 3, Delaware 


Chairman 
Vice-Chairman 
Vice-Chairman 


Pittsburgh 


Adrian E. Dible 
Harry A. Bigley, Jr. Vice-Chairman 
Leslie C. Borell Vice-Chairman 
Oil City Region 

Maurice J. Boegel Treasurer 
Oliver B. Rosstead, Jr. Secretary 
Address of Secretary—435 Sangree 
Rd., Pittsburgh 9, Pennsylvania 


Chairman 
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St. Louis 


Albert A. Hazell Chairman 
Robert S. Lemen .. Vice-Chairman 
Carroll K. Bransford . Vice-Chairman 
Aircraft 
.. Vice-Chairman 
Diesel Engine 
Arthur L. Heintze . Vice-Chairman 
Fuels and Lubricants 
Roy O. Balogh . Vice-Chairman 
Parts and Accessories 
Gordon L. Scofield Vice-Chairman 
Student 
Ralph B. Cornell .. Vice-Chairman 
Transportation and Maintenance 
William L. Gabbert . Treasurer 
Albert W. Zub ; .. Secretary 
Address of Secretary—ACF Indus- 
tries, Inc., 2840 N. Spring, St. Louis 7, 
Missouri 


A. J. Minges 


San Diego 
Benjamin R. Alsobrook . Chairman 
Edward Vernon Albert Vice-Chairman 
W. W. Vyvyan Treasurer 
William Ralph Green Secretary 
Address of Secretary — 3922 Wildwood 
Rd., San Diego 7, California 


Southern California 


J. Brent Malin Chairman 

Charles F. Thomas Vice-Chairman 

Arthur L. Burton Vice-Chairman 

Aeronautics 

Dorsey E. Belt Vice-Chairman 
Diesel Engine 

John W. Peel, Jr. Vice-Chairman 

Fuels and Lubricants 

William E. Achor Vice-Chairman 
Passenger Car 

Corwin D. McLean ... Vice-Chairman 

Production 
W. J. King Vice-Chairman 
Transportation and Maintenance 

Waldon T. Johnson Vice-Chairman 
Truck and Bus 

John F. Beach .. 

Robert E. Strasser .... 

Address of Secretary — 14635 Whit- 

field Ave., Pacific Palisades, California 


Southern New England 


Herbert J. Noble 

Edwin A. Nichols 

Arnold D. Nichols . Vice-Chairman 
Aeronautics 

William R. Johnson . Vice-Chairman 

Engineering Materials 

Erwin F. Grimmeisen . Vice-Chairman 
Production 

Robert C. Olsen . Vice-Chairman 
Bridgeport 

Newman A. Hall ..... Vice-Chairman 
New Haven 

Walter J. Gewinner .. Vice-Chairman 
Springfield 

Roy Bradley Fisher .. Treasurer 

Stanley L. Leavitt Secretary 

Address of Secretary — 106 Milton Rd., 

Bristol, Connecticut 


Spokane-Intermountain 


Henry L. Peirone Chairman 
Harold A. Brischle Vice-Chairman 
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William P. Eldenburg Treasurer 
Gordon Schuster .. Secretary 
Address of Secretary—E. 1105 42nd 
Ave., Spokane 36, Washington 


Syracuse 


Robert W. Wolfe 
Lloyd McArthur .. 
Youston Sekella 
Elmira 
Howard J. Dingman . 
Sidney 
Richard A. Sturley . . Treasurer 
Joseph J. Kotula i .. Secretary 
Address of Secretary — Chrysler Corp., 
500 Plum St., Syracuse 4, New York 


.. Chairman 
Vice-Chairman 
Vice-Chairman 


Vice-Chairman 


Texas 


Herbert M. Gaebe .. 
H. Patrick Warren .. Vice-Chairman 
Marvin G. Starr ..... Vice-Chairman 
Aeronautics 
Lloyd J. Wolf Vice-Chairman 
Truck and Bus 
Robert Le Roy Lemmon ... Treasurer 
William Prestori Goode ... Secretary 
Address of Secretary — 2211 Mountain 
Lake Road, Dallas 24, Texas 


Texas Gulf Coast 


William B. Tilden j 

Charles F. Goff Vice-Chairman 

William C. Steen Vice-Chairman 
Diesel Engine 

Robert J. Masar Vice-Chairman 

Fuels and Lubricants 
Woodrow F. Barker Vice-Chairman 
Production 
Hugh Caughey Vice-Chairman 
Transportation and Maintenance 

Cc. V. Bowman Vice-Chairman 
Truck and Bus 

Donald W. Wing . Treasurer 

Leslie P. Graff Secretary 

Address of Secretary — Prod. Applica- 

tion, Gulf Oil Corp., P. O. Box 2140, 

Houston, Texas 


Chairman 


Chairman 


Twin City 


Albert L. Preston 
Donald L. Van Orman Vice-Chairman 


Chairman 


Robert A. Hill Treasurer 
Hendrie J. Grant . Secretary 
Address of Secretary — Scott Atwater 
Mfg. Co., 2901 E. Hennepin, Minne- 
apolis 13, Minnesota 


Virginia 
William H. Bingham ... Chairman 
Marion G. Runge .... Vice-Chairman 
Charles W. Galloway ..... Treasurer 
Walter F. Harris . Secretary 
Address of Secretary — Brooks Trans- 


portation Co., Inc., 1301 N. Blvd., Rich- 
mond 4, Virginia 


Washington 


J. Chase Fielding .... Chairman 
Allen P. Blade .... Vice-Chairman 
Vice-Chairman 


Ivison W. Rhodes, Jr. . Vice-Chairman 
Engineering Materials 


Charles J. Calvin . Vice-Chairman 
Transportation and Maintenance 
Charles Pierpont Hoffmann, Jr. 
Treasurer 
Walter L. Flinn, Jr. .. Secretary 
Address of Secretary—407 Valley 
Lane, Falls Church, Va. 


Western Michigan 


Herman F. Stapel . Chairman 
Walter C. Chaffee Vice-Chairman 
Elias W. Scheibe Vice-Chairman 
Grand Rapids 
William A. MacLaurin Treasurer 
Howard B. Yarbrough Secretary 
Address of Secretary — 1228 Marcoux 
Ave., Muskegon, Michigan 


Wichita 


Virgil H. Adamson 
Monroe F. Kent 


. Chairman 
. Vice-Chairman 
Harold J. Varhanik . Treasurer 
Kenneth Wilton Rix ...... Secretary 
Address of Secretary — 821 Big Bend 
Road, Wichita, Kansas 


SAE Groups 


Alberta 


W. Ross Davis 

Benjamin Arnold Harrison 
Vice-Chairman 
Vice-Chairman 

Edmonton 

H. W. Higgins . Treasurer 

Wesley Moore : Secretary 

Address of Secretary —524 Crescent 

Road, Calgary, Alberta, Canada. 


Chairman 


Adolph Berg 


Colorado 


Bruce Hanna 
Forrest E. McGrath 
Kenneth S. Palmer Treasurer 
Joseph T. Keeley Secretary 
Address of Secretary — 2668 Meade St., 
Denver 11, Colorado 


Salt Lake 


Otto W. Harrah 
John C. Bates Vice-Chairman 
M. A. Gard Secretary-Treasurer 
Address of Secretary —P. O. Box 239, 
Salt Lake City, Utah 


South Texas 


Leo Dubinski 
Benjamin F. White 
Jack W. Richardson Treasurer 
Norvel Killion Secretary 
Address of Secretary — Southwest Re- 
search Institute, 8500 Culebra Rd., San 
Antonio, Texas 


Chairman 
Vice-Chairman 


. Chairman 


Chairman 
Vice-Chairman 


Williamsport 


J. H. Carpenter . 
Harry J. Lavo 


Chairman 
Vice-Chairman 
Donald A. Bernardi . . Treasurer 
Bernard L. Sharon .... Secretary 
Address of Secretary —517 Brandon 
Ave., Williamsport, Pennsylvania 





Staged especially for the SAE... 


ORDNANCE SHOW 


A Dynamic Demonstration of Ordnance Vehicles 


OCTOBER 21, 1958 e ABERDEEN PROVING GROUND 


in conjunction with 


SAE NATIONAL TRANSPORTATION & DIESEL ENGINE MEETINGS 
October 20-24, Lord Baltimore Hotel, Baltimore, Maryland 


ACTUAL DEMONSTRATIONS of military equipment, including such specialized vehicles 
as the Mechanical Mule and the Rolligon—a pneumatic roller carrier. 


Mr. CHARLES F. SCHWARZ, Ordnance Day Chairman 
8146 Glen Gary Road, Baltimore 4, Maryland 


HIGHLIGHTS OF THE SHOW WILL INCLUDE: 


Operation of instrumented test vehicles over special 
courses. Discussion of measuring techniques, instru- 


Enclosed is my check for $ 
mentation, analysis, and presentation of data. 


for which please send me _______._ tickets 


for the SAE ORDNANCE SHOW. e@ Amphibious carriers operating in swamp. 


Round trip tickets, including luncheon, $5. each. e Fording operation with M38A1 14-ton truck. 


NAME EE 
COMPANY. 

ADDRESS 

CITY. 


—————8ceS See ee ee ee eS Se eS eee 


Operation of 10-ton trucks over frame twister and verti- 
cal wall courses. 


Loading a tank on a tank transporter. 
Pick up of an M41 tank by a T88 recovery vehicle. 
M48 tank—fording and firing demonstrations. 





The correct sleeve bearing 
for your application 


You can count on getting the correct sleeve bearing for each 
application, when you specify Johnson Bronze. Competent en- 
gineers and metallurgists, backed by more than 50 years exclusive 
bearing experience, are available to help you solve your bearing 
problems. They will recommend the most economical and efficient 
bearing for each application. All types of sleeve bearings, either 
standard stock sizes or made to specifications, are available without 
delay. To get the exact bearing you need at the most economical 
price, call, write, or wire Johnson Bronze Company, 675 South 
Mill Street, New Castle, Pennsylvania. 


BRONZE OR COPPER-LEAD 


SAE JOURNAL, SEPTEMBER, 1958 


ON STEEL 


CAST ALUMINUM } GRAPHITED BRONZE 
ALLOY ; 





work in the fields of the future at NAA 


ELECTRO- 
MECHANICAL 
ELECTRONIC 

ENGINEERS 


A BS or advanced degrees in 
EE, ME, or Physics, may 
qualify you for a rewarding 
career at North American Avi- 
ation, in one of these fields: 


Flight Control Analysis, 
Reliability Analysis, Flight 


Simulation, Systems Analysis. 


Electrical Systems Analy- 
sis and Design, Mission and 
Traffic Control, Fire Control, 
Bombing Systems, Elec- 
tronics Systems Integration, 
Flight Controls, Ground Sup- 
port Equipment, Airborne 
and Electronic Test Equip- 
ment. 

Applied Research in Ra- 
dome Development, Antenna 
Development, Infrared, and 
Acoustics. 


Please write to: Mr. G. J. 
Stevenson, Engineering Per- 
sonnel, North American 
Aviation, Los Angeles 45, 
California. 


THE LOS ANGELES DIVISION OF N 


NORTH 


AMERICAN 
AVIATION, INC. 
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About SAE Members 


continued from page 98 


ROBERT E. DRAKE is now head of 
special projects for Piper Aircraft De- 
velopment Center in Vero Beach, Fla. 
He was formerly associated with the 
Correct Craft Boat Co. of Orlando. 


T. E. SWANN, service manager of 
the Edsel Divison, has become prairie 
region service manager for the Ford 
Motor Co. of Canada. Ltd., in Toronto. 


JAMES E. GETZ has been appointed 
project automotive engineer at the 
Whiting Research Laboratories, Stand- 
ard Oil Co., Ind. He joined Standard 
Oil in 1954. 

ROBERT M. LADEVICH has been 
made a senior project automotive engi- 
neer. He has been with Standard since 
1955. 


J. G. MORROW was recently elected 
to honorary membership in the Ameri- 
can Society for Testing Materials. He 
is metallurgical engineer at The Steel 
Co. of Canada, Ltd. 


WHEELER G. LOVELL has become 
research adviser on the staff of the 
general manager of Ethyl Corp.’s De- 
troit research laboratories. Previously 
he was assistant head, Fuel Depart- 
ment, at Research Laboratories Divi- 
sion of General Motors Corp. 


J. H. WEXALL has become service 
manager, Elliott Stedelbauer Motors 
Ltd., New Toronto, Ontario. He was 
previously service manager for Rowan 
Motors Ltd., Willowdale, Ontario. 


RONALD E. TRENKNER has be- 
come mechanical engineer with Sperry 
Gyroscope Co., Great Neck, N. Y. He 
was previously manufacturing engi- 
neer, General Electric Co., Utica, N. Y. 


JAMES E. ZANE has been named 
market development engineer for the 
American Zinc Institute, Detroit. He 
formerly was sales training coordinator 
with Edsel Division, Ford Motor Co. 


Obituaries 


J. LANSFORD McCLOUD 
(M °44) ... retired Ford Motor Co. 
executive ... with Ford for 41 years 
... died July 26... born 1891. 


JAMES G. PAULY... (J ’52) ... 
manager, environmental research sec- 
tion, Southwest Research Institute... 
died April 19 .. . born 1926. 


J.C. EDMONDSON ... 
owner, Edmondson Oil Co. . 
May 23... born 1903. 


o> 0). ss 
. died 


PAUL H. VAN OSDOL... (M’45) 
... assistant service manager, construc- 
tion machinery division, Allison-Chal- 
mers Mfg. Co., Milwaukee, Wis... . 
had been with company since 1934... 
died June 21 ... born 1907. 


EDWARD R. MASON ... (M’40) 

. had been chief engineer of me- 

chanical research, Chrysler Engineering 

Division, Chrysler Corp. . . . associated 

with company since 1932 .. . died July 
12... born 1911. 


W. L. HUPPERT ... (M’43) 
had been technical service manager, 
Motor Coach Division, General Motors 
Corp. .. . had been with the company 
since 1928 . . . died March 11... 
born 1896. 


ALEX A. ALLIE ... (M’52) ... had 
been plant manager, Owosso Mfg. Di- 
vision, Mitchell-Bently Corp., Owosso, 

died May 16... born 1908. 


N. G. BAYSTER ... (A’43) ... lu- 
brication engineer, American Oil Co. 
.. . had been with the company since 
1941 ... died July 6... born 1894. 


JOSEPH A. POLSON ... (M’l6)... 
professor Emeritus, steam engineering, 
University of Illinois .. . died July 8 
... born 1878. 


W. W. BROWN ... (M’35) .. . presi- 
dent of the W. W. Brown Machine 
Works, Kansas City, Mo... . designer, 
builder, and driver of race cars... 
died June 14... born 1886. 


J.C. HURLEY ... (A’35) . . . Detroit 
representative, O. E. M. Division, ARO 
Equipment Corp. . . . associated with 
corporation for 10 years... died Nov. 
10... born 1899. 


WILLIAM B. WACHTLER ... (A’23) 
General Motors Corp. regional execu- 
tive for Brazil . . . responsible for ex- 
pansion and manufacturing plans being 
developed in that country ... was 
associated with GM since 1916... 
died July 7... born 1892. 


JOHN A. DANIELL ... (M’36) ... 
retired ... was with Hardy-Spicer & 
Co. for 9 years... died April2... 
born 1887. 


FRANK P. MORAN ... (J'54) . 
mechanical engineer, B. C. Forest Pro- 
ducts, Ltd. ... previously with Finning 
Tractor & Equipment ... died May 3 
... born 1928. 
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NEW! Prompt response to speed and 
load changes with Thompson Turbocharger 


Moving parts in the new-design Thompson Turbocharger for diesel 
engines are made of light alloys to reduce inertia to speed changes. 
Response of the Thompson Turbocharger to variations in engine 
speed and air requirements is almost instantaneous... no ragged 
engine performance due to lag in blowing. 


The light alloy impeller also permits bearings to be simpler in 
design. Shafts can be smaller in diameter to reduce bearing surface 
speeds and increase bearing life. 

Other advantages of the new Thompson design include: straight- 
bladed impeller for high pressure ratios over wide range of air flow, 
new-design diffuser for peak performance over wider operating 
range, and unique design to isolate exhaust heat from bearings and 
air-side of Turbocharger. 

Your diesel engines up to 300 horsepower can readily be equipped 
with Thompson Turbochargers ...the most modern design avail- 
able. A Tapco Group engineer will call at your convenience to work 
with your engineers. 


TAPCO GROUP 


Thompson Products, /ne. 


CLEVELAND 17, OHIO 
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We’re developing 
bearings and bushings 
for equipment that 


DOESNT EXIST... 


For equipment that might exist some day. It 
means preparedness for the future. And for 
equipment entering the blueprint stage, it 
means Cleveland Graphite Bronze can offer 
improved designs and materials right now. 


As a result, our field engineering teams, 
working in customers’ plants, provide 
valuable assistance on the problem at hand 
combined with a sharp awareness of probable 
future requirements. 

In essence, what these teams have to offer 
you is what they have to back them up: 
all the resources that have maintained the 
leadership of Cleveland Graphite Bronze for 
more than 38 years. 


When you’re ready for help—remember— 
Cleveland Graphite Bronze is ready right now. 


CLEVELAND GRAPHITE BRONZE 
17000 St. Clair Avenue ° Cleveland 10, Ohio 


Detroit sapere 
Chicago DIVISION OF FAHBATIN? 


New York 
Los Angeles 
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by soaking in alcohol and the shellac 
and over-spray removed easily with a 
vapor blast using plastic or organic 
abrasive. 

In all cases external cooling by an 
air blast is used to keep the tempera- 
ture of the cylinder below 200 F. [If 
desired, acid cleaning can be used to 
replace sanding and in fact, is prefer- 
able where practicable. 


To Order Paper No. 65B. . . 
on which this article is based, seep. 6. 


What Car Structure 
Best Survives Crashes ? 


Based on paper by 


D. M. SEVERY 
and 
J. H. MATHEWSON 


iversity of California, Institute of 


Transportation and Traffic Engineering 
N A COLLISION with a barrier at 25 
mph, the car with unitized body con- 

struction comes off better as regards 

repair costs than a frame-type vehicle. 

But the frame-type car does better 

than the unitized vehicle in a head-on 

collision. 

In a rear-end collision, the struck 
car sustains less damage, though the 
occupant is more likely to be injured. 

These are some of the findings in a 
collision-performance study in which 
the vehicles used were a 1956 Oldsmo- 
bile, 1955 Nash Ambassador, and 1955 
Hudson. Other significant findings 
were: 


1. Bumpers, now designed to serve as 
parking guards, should be modified to 
serve the more essential requirements 
of collision guard and force moderator. 

2. The design factors having influence 
on front-end collision performance are: 

a. The length, ultimate strength, 
eccentricity, cross-sectional area, and 
configuration of the bumper supports. 

b. The extent to which the frame 
or unitized structure extends beyond 
the front wheels and engine. 

c. Collapsible space forward of the 
firewall and the relative length of the 
noncollapsible engine interposed in this 
space. 

d. Collapse strength of frame and 
body or frame-in-body components for- 
ward of the windshield. 

e. Presence or absence of slip and 
flexible joints or other conditions of 
restraint to forward motion between 
transmission and differential. 

3. Experimental data suggest that, 
for a given type of collision, there is an 
optimum impact velocity for each make 
of car. Consequently there are distinct 
advantages collision-wise for both uni- 
tized and frame-type structures. 

4. Even though a 3-in. nylon seat belt 
is snug fitting, properly installed, and 
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adequately restrains the motorist, it 
will have slack in it. And because of 
this slack the motorist may be expected 
to decelerate at a rate at least equal to 
but generally significantly in excess of 
the rate of his immediate surroundings. 

5. Motorists’ injuries can be lessened 
by minimizing the slack effect in the 
belt, removing all protruding knobs, 
and redesigning the seat to provide 
head support, and providing support 
for the hips against lateral displace- 
ment in spin and lateral-type colli- 
sions. 

6. During rear-end collision, 
deceleration of the striking 


the 
car 


brings you the 

latest development in 
heat treatment of 
hardenable iron tappets. 


INDUCTION 
HARDENED 


and simultaneous acceleration of the 
struck car reach approximately the 
same peak values. Hence, it is the 
mean by which acceleration forces are 
applied to the motorist rather than 
force magnitude which accounts for 
the more hazardous exposure of the 
struck motorist. 

7. Serious injuries caused by rear-end 
collision will be eliminated in most in- 
stances if both striking and struck mo- 
torists are using lap belts and appro- 
priately designed head supports. 


To Order Paper No. 62C ... 
on which this article is based,seep.6. 


TAPPET FACE 


unretouched photo, 
twice size 


Hardenable iron tappets have helped to solve many 


of the cam and tappet face wear problems in 


modern overhead valve engines. Now, 
this improved method of heat treating by 


Johnson provides greater uniformity, excellent 


wearing characteristics, PLUS lower cost. We'll 


be happy to show you proof of this 


latest tappet improvement. 


‘'Tappets are our business’’ 


JOHNSON @P PRODUCTS 


INC. 





nited 
tates 


Chemiseal hydraulic packings 
are made for every type of 
static and dynamic seal. They 
are available in pure TEFLON 
or in Filled TEFLon (glass, 
graphite, etc.) depending upon 
the application and service 
requirement. 


Preferred by Leading Engineers 

Because Chemiseal hydraulic 
seals provide the reliability of 
chemicallyimperviousTEFLON, 
they are preferred by leading 
engineers for maximum secu- 
rity at vital points in aircraft 
and missile, automotive, ma- 
rine, ordinance and industrial 
hydraulic systems. 


Outstanding Advantages 
Chemiseal hydraulic packings 
require no chemical inspection, 
have zero swelling in all hydro- 
carbons, new synthetic hy- 
draulic fluids and solvents. 

They offer unsurpassed anti- 
friction properties, are tough, 
resilient, non-flammable, long 
wearing. They function equally 
well at any temperature from 
100 degrees below zero to 500 
degrees above. 

Write for further informa- 
tion and samples for test. 


United States Gasket Co. 
Camden 1, N.J. 


asket Plastics Division of Es 


GARLO CHK 


Anti-Rust Tests for Lube 
Greases Tentatively Set 


RC efforts to find a laboratory tech- 

nique for determining rust-preven- 
tive properties of lubricating greases 
revealed two possibilities. 

One is a tentatively endorsed tech- 
nique for determining corrosion on 
grease-coated ball bearings (L-34). 
Intended for use as a screening test 
for predicting the degree of rust pro- 
tection afforded by a grease in service 
under humid conditions, it gives ratings 
which are in fairly good agreement 
with actual service conditions. 

ae 
Second Technique 

A second technique determines rust- 
preventive properties of lubricating 
greases in the presence of free water 
(L-41-957). It simulates corrosion of 
grease-lubricated bearings which have 
been stored after a period of use under 
wet or humid conditions. Results 
match service conditions fairly well. 

While the technique clearly differen- 
tiates between inhibited and uninhib- 
ited greases, a great many tests are 
required to evaluate borderline greases. 


Out on Third 


A third technique, the dynamic test 
method, was abandoned because it was 
not predictable on questionable greases, 
although it did adequately rate excel- 
lent samples. 


To Order CRC Report 317... . 
on which this article is based, see p.6. 


New Developments 
Bring Better Oils 


ape 


J. A. Miller, L. M. Hartmann 


California Research Corp 
and 


J. A. Tantet 


Oronite Chemical Co 


HE availability of polymeric deter- 

gents and laboratory tests that cor- 
eiate with field performance provides 
precise means of designing lubricating 
oils to satisfy the lubrication require- 
ments of modern gasoline engines, 

Certain of the recently developed 
polymeric detergents are capable of 
2ontrolling deposits in gasoline engines 
in stop-and-go driving to a degree not 
achievable with practical amounts of 
sonventional metal-containing addi- 
tives and V.I. improvers. 

With these new additives it has now 
been possible to develop a correlation 
between piston varnish in the CRC 
FL-2 laboratory test, “Research Tech- 
nique for Determining Effects of Fuels 
and/or Lubricants on Formation of 

Continued 


SAE JOURNAL, SEPTEMBER, 1958 





ENGINEERS - 


SCIENTISTS 


REPUBLIC AVIATION 
ANNOUNCES 
NEW $35 MILLION FOUR-YEAR 
RESEARCH AND 
DEVELOPMENT PROGRAM 


Includes $14 Million Research Center with 9 Laboratories Being Built to Bridge the Gulf 


Existing Today Between Aeronautics & Astronautics 


Republic Aviation’s new Research Center will intensify development of the advanced forms of spacecraft, mis- 


siles and aircraft called for in the aeronautical industry’s transition to astronautics 8 While special emphasis 


will be placed upon research in unexplored areas essential to successful manned space vehicles, total projects under 


study and development cover a broad range including: Lunar Proses, Misst_es TO Destroy Orsrtinc Weapons 


Systems, Space-To-Surrace Missices, Lonc Rance Arr-to-Air Missices, Arr-ro-SurFace Baxuistic MissiLes 


FoR STRATEGIC AND TacticaL Aircrart, Vertical Take-Orr Ficnter-Bomsers, Hich Macu INTERCONTINENTAL 


FicHTer-BomBERS AND SUPERSONIC TRANSPORTS. 


A NUMBER OF OPPORTUNITIES for key personnel now exist, 
to advance and augment our plans in this new program and 
to staff important positions in the new laboratory operations 


SPACE ENVIRONMENTAL DEVELOPMENT LABORATORY 
To simulate space flight conditions and test missile, satellite and space- 
craft systems and components; investigate human engineering problems 


RE-ENTRY SIMULATION & AERODYNAMIC LABORATORY 
To study hypersonic shock dynamics, real gas effects, heat transfer 
phenomena and magnetohydrodynamics. 


MATERIALS DEVELOPMENT LABORATORY 
Study the effects of high velocity, temperature, and space environment 
on materials for spacecraft, missiles and advanced weapons 


ELECTRONICS DEVELOPMENT LABORATORY 

Study and explore all problems connected with highly specialized, 
complex electronic systems required for advanced forms of spacecraft, 
rockets and aircraft. 

GUIDANCE & CONTROL SYSTEM DEVELOPMENT LABORATORY 
To develop and test guidance and control systems for spacecraft and 
missiles requiring studies in the fields of launch, orbit and re-entry 
trajectory programming. 

ADVANCED FLUID SYSTEMS DEVELOPMENT LABORATORY 

To develop and test fluid power systems for spacecraft and missiles 
capable of operation under extremely high temperature, high pressure 


conditions 


MANUFACTURING RESEARCH & DEVELOPMENT LABORATORIES 
To develop advanced manufacturing processes and techniques for 
materials used in missiles and spacecraft. Laboratories for each of the 
following areas: Non-Metallics, Metallics, and Welding 


QUALIFIED MEN ARE INVITED TO WRITE DIRECTLY TO: 
A. Kartveli, Vice Presiwent, Research & DeveLopment 


SEE P ESA sds AVIATZON 


FARMINGDALE, Lonc IsLanp, New York 
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Engine Deposits during Moderate-Tem- 
perature Operation,” and deposits in 
passenger-car engines in city traffic 
driving. The correlation was obtained 
by increasing the severity of the FL-2 
test through the use of a special refer- 
ence gasoline that formed heavy pis- 
ton varnish with conventionally com- 
pounded oils of MIL-L-2104A level. 
Thus, improvements in lubricating oil 
detergency can be recognized in a 
short-term laboratory engine test. 
The correlation between FL-2 piston 
varnish and field deposits is valid as 
long as the oil in question has no pe- 
culiar deposit-forming characteristics 


that are not measured in this labora- 
tory test. Improperly designed oils al- 
low “lead paint’ deposits to form. This 
tendency is not measured by the FL-2 
test, so a second laboratory test is 
necessary to evaluate this characteris- 
tic. Such a test has been developed 
and has been correlated with field serv- 
ice. 

Through the use of the FL-2 and the 
“lead paint” tests, it has been possible 
to predict the performance of gasoline 
engine lubricating oils in stop-and-go 
driving. 


To Order Paper No. 57D... 


on which this article is based, see p. 6. 


QOC@GG000 


MORLIFE 
CLUTCHES 


Help Heavy-Duty Tractors 
Keep “Busy at Both Ends” 


Because ROCKFORD Morlife® 


CLUTCHES provide 100% more 


torque grip than previous type clutches of equal size, they help 
road machines do double duty. Easier operation is accomplished 
by reducing the required engaging pressure. 50% better heat 
disposal avoids down-time caused by burned or warped plates. 
Numerous maintenance records prove that MORLIFE clutches 
operate four to ten times as long without adjustment or plate 
replacement. Let this NEW type clutch help keep your heavy- 
duty machines ON the job and OUT of the shop. 


SEND FOR THIS HANDY BULLETIN 
i Gives dimensions, capacity tables and complete =] 
specifications. Suggests typical applications. 


ROCKFORD Clutch Division BORG-WARNER 


316 Catherine St., Rockford, Ill., U.S.A. 
Export Sales Borg-Warner International — 36 So. Wabash, Chicago 3, 111. 


G®00606e 


110 


ens 


New Technique Speeds 
Analysis of Hydrocarbons 


GAS-LIQUID partition chromato- 
graphic technique for analyzing hy- 
drocarbons in exhaust gas has been 
developed by the Bureau of Mines in 
cooperation with the Coordinating Re- 
search Council. The technique, which 
is described in detail in CRC Report No. 
321, is suitable for separating and 
quantitatively measuring C. through C, 
hydrocarbon components. 

Studies show the most serious chro- 
matographic separation problem to be 
connected with the identification of 
paraffins, naphthenes, and olefins 
above the C, molecular weight range. 
The second most serious problem is the 
calibration for quantitative measure- 
ment throughout the entire molecular 
weight range. 

About 500 milliliters of raw exhaust 
gas contain enough hydrocarbon for 
analysis with the chromatograph, ac- 
cording to the study. Either grab sam- 
pling or condensation techniques are 
adaptable for use in obtaining the ex- 
haust sample, but it is necessary that 
water, carbon dioxide, and nitrogen be 
removed from the sample before it is 
introduced into the chromatograph. 
These removals can be effected by a 
combination of chemical treatment and 
freezeout, either while the exhaust 
sample is being drawn from the engine 
or while the sample is being introduced 
into the sample cell of the chromato- 
graphic analyzer. 
bh» °° Order CRC Report No. 321 .. . 

on which this article is based, seep. 6. 


What a Public Utility 
Seeks in Small Engines 


Based on paper by 


GEORGE E. KELM 


American Telephone & Telegraph Co 


UBLIC utilities are large users of 

small engines to power portable tools 
and have become heavily dependent on 
them, consequently reliability and low 
maintenance cost grow increasingly 
important. 

Par for the course in small engine 
design seems to be pressed tin. It’s 
cheap but is it cheap in the long run? 
In a group of engines brought in for 
repairs recently, 20% of the air clean- 
ers had been knocked off. More rug- 
gedness is needed. 

Considerable trouble has been ex- 
perienced with water getting into the 
fuel system and moisture getting into 
the ignition system, which makes for 
hard starting. There’s been trouble, 
too, when aluminum pistons have been 
used with aluminum bores. Although 
it poses a problem for the manufac- 
turer, why not sleeves and main bear- 
inserts for replacement when there is 

Continued 
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New Holley ’59 Carburetors | an 


can be serviced in minutes— aa — a} Ze 
1) A 


WHILE 


ON THE ENGINE! 











Many 1959 automobiles and trucks will be equipped 
with newly designed Holley two and four barrel car- 
buretors that have a special needle and seat assembly With ignition off, remove lower bowl screw farthest 
which makes carburetor service a matter of minutes. from fuel inlet. Allow all gasoline to drain, purging the 


, : se -arbureto dirt and sludge. 
All carburetor minor repair—90% of carburetor cortureter qf Girt and saage 


service requirements under 30,000 miles—can be com- 
pleted in the time it takes to remove and replace a 
single spark plug: and, without removing the carbu- 
retor from the engine. 


These Holley 1959 models will substantially reduce 
customer service complaints and will make minor 
repair work more profitable and more accurate for the 
service man. With just the four simple steps shown on 
this page service men can: 


1. Purge the carburetor of dirt and foreign matter. 


2. Accurately adjust the fuel level in the bowl. 


3. Replace or adjust the fuel inlet needle and seat. 


These new 1959 carburetors are another example of 
Holley’s continuing leadership in the design and 
engineering of fuel and ignition equipment. 


Remote fuel needle and seat and examine for wear and 
general condition. Replacement can be made at low 
cost although there should be no evidence of wear until 
after 20,000 miles. 


With engine running, remove sight plug from carburetor 
bowl opposite fuel inlet. If fuel level is too high, exces- 
sive fuel will drain through sight plug opening. For 
proper operation, fuel level should be on line with 
threads at bottom of sight port. 


Loosen top lock nut on needle and seat assembly and 
adjust with lower nut until float maintains fuel at 
desired level. Tighten lock nut and minor repair is 
completed. 


ae 


For more than 
half-a-century 

— original 
equipment 
manufacturers for 
the automotive 
industry 


11955 E. NINE MILE ROAD WARREN, MICHIGAN 





More horsepower per pound — from the 
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Alcoa Aluminum engine 


A distant dream? Not any more. 
Already the aluminum engine is 
standard on many foreign cars. 
Aluminum pistons, pioneered by 
Alcoa, have proved themselves in 
millions of cars now on the road. 
And the many other innovations 
that have come from Alcoa Develop- 
ment Division’s Laboratories have 
enabled leading manufacturers to 
incorporate them in designs for an 
all-aluminum engine. Let’s take a 
look at some of the developments 
that have made the all-aluminum 
engine possible—and desirable: 


Cylinder Liners—As a result of 
more than a decade of experimenta- 
tion, a recently announced hard 
coating of molybdenum sprayed on 
aluminum by the patented Metco 
“Sprabond” process gives it a wear 
resistance superior to iron. Develop- 
ment tests continue on other wear- 
resistant coatings and on special 
aluminum alloys. 


Heads—Scores of tests conducted 
by Alcoa prove the advantages of 
aluminum heads. Exhaust valves 
have run an average of 125°F cooler 
at 4,000 rpm than in an iron head of 
identical design and compression 
ratio. Weight savings are as much as 
40%, fuel can be four octane num- 
bers lower. Heat is more evenly dis- 
tributed, valves last four times 
longer. 


Bearings—Alcoa has proved that 
solid aluminum bushings and bear- 
ings for connecting rods and mains 
have many bonus benefits. In a 
nonautomotive engine now in use, 
aluminum bearings are supporting 
10,000 psi—far more than auto- 
motive bearings now support. And, 
because aluminum can support such 


arcoa Y atuminum gives every car more GLEAM AND GO 


high loads, bearing area can be re- 
duced. This means you can design 
a stronger, stiffer, more durable 
crankshaft and have more throw 
space for balancing. Because alumi- 
num is a good conductor and carries 
away heat fast, solid aluminum 
bearings can be operated at higher 
temperatures.Typical aluminum 
bushings sell for approximately the 
same price per pound as bronze, but 
you get three times as many bush- 
ings with aluminum. 

Rocker Arms—To alleviate the 
problem of resonance and spring 
surge inherent in larger valve spring 
design loads, Alcoa designed a new 
aluminum rocker arm which weighs 
40% less than malleable iron, re- 
duces the accelerating forces re- 
quired and permits a more resilient 
valve spring. This aluminum arm 
requires less machining because it 
can be die-cast to accurate tolerances. 


LET ALCOA HELP 


These are only a few of the many 
areas where Alcoa has pioneered in 
the development of the all-alumi- 
num engine. As the most experienced 
producer of aluminum in the in- 
dustry, Alcoa is in a unique position 
to help manufacturers design a com- 
pletely new, lighter engine that 
will have improved weight and 
temperature distribution, better 
roadability and ease of handling. 
The complete facilities of Alcoa’s 
laboratories and the knowledge and 
skills of its engineers are available 
to help you be first with the all- 
aluminum engine. Let us work with 
you. Write Aluminum Company of 
America, Development Division, 
1844-) Alcoa Building, Pittsburgh 
19, Pennsylvania. 


“ALCOA THEATRE" 
Exciting Adventure, Alternate Monday Evenings 
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Hydraulic Impulse Machine “road-tested” Morse Timing Chain and 
other chains at the equivalent of 95 mph. For results, see below. 


Hundred-hour “stretch test’ at 95 mph 
proves Morse Timing Chain 24% better! 


In lab test at 4000 rpm under 90-Ib. load , ELONGATION-RATE CURVES 
Morse Timing Chain elongates 24% less 
than second-best timing chain 


The graph at right shows how Morse Timing Chain 
resists elongation better, even under severest operating 
conditions. No wonder Morse Timing Chain has been 
specified for over 80,000,000 car engines. 

Today’s high-horsepower engines demand split-second 
timing for top performance. So Morse builds each tim- 
ing chain like a fine watch; inspects it carefully with 
modern equipment to insure extra thousands of trouble- 
free miles. 

For original equipment or replacement timing chains, 
it pays to contact Morse first. Get full information and 
practical engineering help. Call, write or wire today: Morse 53-121 Timing Chain (A) showed 24% less elongo- 
MORSE CHAIN COMPANY, DETROIT, MICHI- tion than other chain (B), after 100 hours at 4000 rpm under 
GAN; ITHACA, NEW YORK. Export Sales: Borg- _Savore ious hat hor been concloted with road end dynct 
Warner International, Chicago 3, Illinois. mometer test runs. 


(IN INCHES) a. 


ELONGATION 
5 


SERVING THE AUTOMOTIVE 
INDUSTRY FOR OVER 55 YEARS 
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wear or damage? Either replacement 
now requires a new block, which makes 
some users desire a return to the cast- 
iron block. 
Practically all units are inadequate 
in crankcase capacity and provisions 
for checking, filling, and draining oil. 
® Capacities should be increased to a 
minimum of 1% qt, and it would help 
to have a low cut-off, which shuts off 
the engine when the oil level drops to 
‘ the danger zone. 

Current needs include: mufflers that 
don’t collect water, don’t exhaust at 
pedestrians, and don’t discharge toward 
the intake of blowers . . . and better air 
cleaners are needed, too. 

To Order Paper No. 58E... 
on which this article is based, seep. 6. 



























Where Does 
All the Oil Go? 


sed on paper by 













J. §. COON 
and 
D. E. LOEFFLER 


Shell Oil Co 







Through the medium of constant research 
and continuous testing, BESTWALL 
Gypsum Molding Plasters have kept pace 
with the progress of the automotive 

and aviation industries and have 
developed a variety of highly specialized 
plasters to meet the exacting molding 
requirements including the extra strengths 
demanded by the high precision 
components necessary to meet today’s 
engineering achievements. 

We also believe strongly in SERVICE, 
and have available a staff of specially 
trained sales engineers who will work with 
you on your plaster molding problems. 
If you would like to know more about 
the various types of BESTWALL 
molding plasters, or would like to avail 
yourself of the free service of one of 

our sales engineers, write or 

*phone us at any of the offices 

listed below. If you use molding 
plaster—Your Best Buy is 
BESTWALL®-— It’s in Step 

With the Times. 







































IL CONSUMPTION tests in labora- 

tory engines equipped with external 
sumps, providing separate cylinder and 
overhead-valve lubrication systems 
showed that: 


* From one-third to two-thirds of the 
oil consumed by the engine was lost by 
way of the valve assembly. 

* Over one-third of the reduction in 
consumption in going from a typical 
SAE 10 to a typical SAE 30 oil is due to 
the decrease in the volatility of the 
blend. 


Other conclusions that have been 
reached as a result of the analysis of 
the data obtained during tests with lab 
engines equipped with external oil 
sumps include: 


1. Engine design is the most impor- 
tant factor affecting oil consumption. 

2. The rate of consumption of an oil 
is a continuous function of both its 
viscosity and its volatility. A quantita- 
tive relationship among these three 
variables has been derived by statisti- 
cal analysis of results for 21 oils stud- 
ied under high-speed conditions. The 
equation is as follows: 


M =—161+1.45V +0.43T 
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BESTWALL CERTAIN-TEED 
SALES CORPORATION 


120 East Lancaster Avenue, Ardmore, Pa. 
EXPORT DEPARTMENT: 100 East 42nd St., New York 17, NLY 








where: 


M = Relative oil mileage (SAE 30= 
100), % 

V = Used oil viscosity, SSU at 210 F 

T=20% distillation temperature, F 
at 1 mm Hg 


3. Changes in engine speed and load 
appear to affect consumption via the 
valves in the same direction as they] sates orrices: 
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TOOLING FOR THE SPACE AGE! 
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SHRINE EXPOSITION HALL 
LOS ANGELES, SEPT. 29-OCT. 3 


For more information, write: 
AMERICAN SOCIETY OF TOOL ENGINEERS 
10700 PURITAN AVE. 
DETROIT 38, MICH. 
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sumption with higher speeds and with 
lower loads. 

4. Oil consumption by way of the 
piston-cylinder assembly is governed 
by both the viscosity and volatility of 
the oil. The viscosity-dependent mech- 
anism of oil loss involves primarily a 
low-shear path behind the ring. The 
volatility-dependent component in- 
volves the thin-film evaporation of 
volatile components and the return of 
less volatile oil to the sump. 

5. Since the  viscosity-dependent 
component of oil consumption involves 
a low-shear process, the viscosity of 
polymeric V.I. improvers is effective in 
controlling oil consumption. 

6. A well-designed multigrade oil will 
excel a single-grade oil both in starting 
ease and in oil mileage. The economy 
of the multigrade oil is maximized by 
the use of an efficient V.I. improving 
polymer, together with a base oil hav- 
ing the lowest volatility ovtainable at 
the necessary viscosity level. 

7. The consumption rate of a multi- 
grade oil can be calculated from a 
knowledge of its volatility and from the 
viscosity of the used oil. 

8. Because a major portion of the oil 
loss from a modern overhead-valve en- 
gine is by way of the valve assembly, 
mechanical design studies of the means 
of control of this component of con- 
sumption are indicated. An impor- 
tant increase in operating economy can 
be achieved by such work. 

To Order Paper No. 57B... 
on which this article is based, seep. 6. 


|New Techniques Seek to 


Better Quality Control 


ecretary’s report by 


P. MOSCHELLA 


United Aircraft Corp 


Based or 


MPROVED «quality control appears to 

hinge on better use of accumulated 
defective data. An answer is being 
sought in the effective application of 
data processing equipment. 

Another approach to better quality 
control is the current trend to placing 
the quality control representative on 
the company “team.” This is expected 
to aid in the timely, economical de- 
livery of an acceptable product. The 
team approach, in itself. ts gaining 
wide acceptance as an improved 
method of securing economical intro- 
duction of new products into manufac- 
ture. 

Some companies now require that 
quality control costs be charged against 
a specific order or program. This in- 
cludes the costs for such items as labor, 
supervision, gages, and handling equip- 
ment. 

In addition to the panel secretary, 
others serving on the panel which de- 
veloped the information in this article 
were: H. F. F. Simpson, General Elec- 
tric Co.; R. J. Buettner, Thompson 

Continued 
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CLOSEST MAN ON WHEELS 


He's the ELECTRIC man 
with the ideal Midwest 
location. Call him at 
Quincy for the quickest 
help on wheels. 


Enjoy the genuine job 
understanding that only a 
farming and industrial center 
sales engineer can show you. 
He knows wagons as well as 
wheels, problems as 

well as prices and 

production schedules. 


See what the closest man on 
wheels, backed by the 
production capacities and 
qualities of an automated 
operation and years of 
experience, can do for you. 


Call or write today for the 
exact disc or spoke-type wheel 
(steel or rubber-—tired), 

rim, hub, axle or component 
part you want—when and 

where you want it. 


“What we sell is service’ 


<BLBCTRAG WHEEL CO. 


Write to Department 11C 
1120 N. 28th St, Quincy, iilinois, BAidwin 2-5320 


DIVISION OF THE FIRESTONE TIRE & RUBBER COMPANY 
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Products, Inc.; J. P. Healy, The Martin 
Co.; F. T. Kurt, Grumman Aircraft 
Engineering Corp.; W. H. Shaw, United 
Aircraft Corp.; and G. Hunt, General 
Motors Corp. 

To Order SP-323... 

on which this article is based, see p. 6. 


Transmission Trends 
Clarify Future Picture 


ner t 
D€ 


LARRY FLYNN 


enerai iv 


ENDS in the design of heavy-duty 
truck transmissions suggest that: 


1. The present types of power trains 
will continue to be favorites in the fu- 
ture. 

2. Some means of power gear chang- 
ing, which requires little or no effort or 
skill on the part of the driver, appears 
to be gaining in popularity. 

3. Automatic transmissions will gain 
new supporters as more operating ex- 
perience is obtained. 

4. Transmissions will be built with 
fewer ratios as limited access highways 
are developed. 

5. Retarders will receive serious con- 
sideration in many future over-the- 
road vehicle designs. 

6. Transmission design will be sim- 
plified and incorporate built-in lubri- 
cation and filtering means. 

7. More attention will be paid to the 
kinetic balance of all gears. 

8. Improvements in synchronizer de- 
sign will take place. 

9. Improvements will occur in over- 
all manufacturing tolerances. 


To Order Paper No. 73B .. . 


on which this article is based, seep. 6. 


Low-Temp Solids Hinder 
Fuel Flow, Says CRC 


HE ability of airplane and engine fuel 

systems to handle gas turbi~e fuels at 
temperatures as low as — 80 F has been 
of prime interest to one Coordinating 
Research Council Panel since 1947. 
Recently CRC released three reports, 
which combined, reveal the following: 

Solid materials from three chief 
sources which can interrupt fuel flow 
in turbine aircraft at low temperatures 
include: 


e Wax crystals from the fuel. 

e Solid contaminants such as iron 
rust or oxidation products carried by 
the fuel. 

e Ice from water in the fuel. 


Filter clogging by wax crystals and 
solid contaminants can be controlled 
by selection of fuels of sufficiently low 
freezing point and sufficient oxidation 


stability, and by handling procedures, 
including adequate filtration, to pre- 
vent solid materials from entering with 
the fuel. 

Fuel selection cannot eliminate filter 
icing nor can handling procedures prior 
to fueling the airplane. Variation of 
the water solubility of fuels with 
changes in temperature can cause un- 
expected results. 

Because of the marked influence of 
design factors, laboratory data do not 
provide a reliable basis for the predic- 
tion of the low-temperature perform- 
ance of fuel filters and engine controls 
of an airplane. Special study of any 


given design may be necessary to insure 
satisfactory low-temperature perform- 
ance. 

Other more specific conclusions are: 


e The freezing point of a fuel appears 
to be a reasonable indication of the 
lowest possible temperature at which 
aviation fuels can be pumped without 
excessive pressure drop across certain 
micronic fuel filter media. 

e Plugging of micronic fuel filter 
media may occur at temperatures 
significantly above the hydrocarbon 
freezing point of the fuel. This phe- 
nomenon was noted consistently in lab- 
oratory-scale equipment, but only occa- 


DEPENDABILITY 


that has 


built 


leadership 


DOLE 


THERMOSTAT 
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sionally in 1/20th-scale equipment. 

e In laboratory tests, the occurrence 
of filter plugging at temperatures sig- 
nificantly above the hydrocarbon freez- 
ing point appears to be affected mainly 
by the presence of water, whether ex- 
traneous or dissolved. In the 1/20th- 
scale tests, this is a considerably more 
sensitive phenomenon. On the basis of 
the laboratory and 1/20th-scale tests, 
it appears that this plugging phenom- 
enon may be affected not only by dis- 
solved water per se, but also by me- 
chanical factors such as turbulence, 
rate of cooling, and fuel composition. 

e Fuels containing water in excess of 
normally dissolved water (at tempera- 


tures in the order of 60 F) can be ex- 
pected to be considerably more critical 
as regards filter plugging occurring at 
temperatures significantly above the 
hydrocarbon freezing point. 

e Tests revealed that specific gravi- 
ties of turbine fuels at temperatures 
from 0 to -80 F may be determined 
from 60 F specific gravities and coeffi- 
cients of expansion interpolated from 
those given in ASTM Designation D 
206 which is customarily used for cal- 
culating specific gravity of petroleum 
products at temperatures above 0 F. 

e Another test showed that both a 
piston and a gear-type engine pump 
operated satisfactorily at - 80 F to - 85 


Here are the facts 
about Dole leadership 


In 1952 Dole introduced the first satisfactory 


solid expansion type thermostat engineered 


especially for post-war engines. 


F, provided that pressures and flow 
could be maintained at the pump inlet. 
Pump power requirements did not 
change appreciably with temperature. 

The reports also discuss factors af- 

fecting the water content of aviation 
fuels, ways in which filter icing is re- 
duced in gas turbine fuel systems, tech- 
niques for evaluating the low-tempera- 
ture filterability of aviation fuel and 
for measuring water content of aircraft 
fuels, and the determination of the 
physical properties of aviation fuels at 
low temperatures. 
(Note: “Low Temperature Pumping 
Characteristics and Physical Properties 
of Aviation Gas Turbine Fuels” (CRC 
318) was the first of the series of three 
reports on which the above is based. 

“Supplementary Report on Low Tem- 
perature Pumping Characteristics of 
Aircraft Turbine Fuels” (CRC 319) 
was developed by a CRC group under 
contract from the Air Force. 

“Report of Turbine Low Tempera- 
ture Pumpability Group” (CRC 320) is 
a final report on the Air Force con- 
tract.) 

To Order CRC Reports 318, 319, 
and 320 . . . see p. 6. 


New Concepts 


In 1954 — only two years later, the unit was 


Entering Safety Field 


generally accepted by the Automotive Industry. 


Today — 1958, Dole Thermostats are standard 


ALAN G. LOOFBOURROW 
equipment on seventeen (17) out of eighteen eee 


HERE is no prospect of engineering 


(18) top passenger cars*; also most trucks, into automobiles a substitute for that 


commercial vehicles, tractors, and industrial 


and marine engines. 


There’s one outstanding reason for this tre- 


mendous acceptance . . . 


Dependability! 


And that applies equally to the product and 
the company that manufactures it. 


Control with 


* as listed in Automotive News. 


DOLE 


THE DOLE VALVE COMPANY 
6201 OAKTON STREET, MORTON GROVE, ILLINOIS (Chicogo Suburb) 
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all-important highway safety charac- 
teristic — sound driver judgment. But 
much progress is being made toward 
constructions which tend to make nor- 
mal driver reactions reflect themselves 
in safe vehicle operation. 

The speed warning device examples 
this trend. One such device incorpor- 
ates a light in the floating drum-type 
speedometer. A maximum speed is pre- 
set by a dial just below the odometer 
and when that speed is exceeded, the 
speedometer dome glows red. This 
glow can be seen without taking one’s 
eyes from the road. 

Left-foot braking is another develop- 
ment. It permits the driver to keep 
his foot on the brake pedal all the time, 
thus saving the reaction time normally 
required to move the right foot from 
the accelerator to the brake pedal. 
Though the time saved is no more than 
0.3 sec, it is sufficient to cut 10 ft off 
the stopping distance at 20 mph, and 
proportionately greater amounts at 
higher speeds. 

“Joy stick” control of all driving 
functions has been tried. In one in- 
stance both steering and speed were 
handled by a single vertical lever. 
Thus far, experiments have not proved 
satisfactory, but they may lead to other 
types of simplified controls. 

To Order Paper No. 62D... 
on which this article is based, see p. 6. 
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Don’t throw away 
those epoxy-coated 
rejects 


Here’s a new paint stripper 
that will save them 


Do you scrap perfect metal parts that have been imperfectly 
coated with epoxies, vinyls, polyesters and other hard-to- 
strip paints or lacquers? 


In the last few months, users of Oakite Stripper S-A have 
eliminated many such losses. Here’s what some of them say 
about it: 


CALIFORNIA: An aircraft manufacturer tested many strippers 
on an epoxy designed to resist attack by hydraulic fluid. Finally 
found that Oakite Stripper S-A is “the only one that safely strips 
this paint from anodized aluminum.” 


NEW YORK: A camera maker coats flash bulb reflectors with 
black vinyl paint outside and aluminum paint inside. “Stripper 
S-A is the fastest ever used on our rejects.” 


CHIO: A maker of toy pistols had trouble stripping alternate 
coats of lacquer and metallized aluminum. Now “Stripper S-A does 
it amazingly fast and remetallizing is completely satisfactory.” 


CALIFORNIA: A producer of metal furniture uses Stripper S-A 
to remove clear epoxy from plated parts. Chemist says “This is 
the best stripper on the market.” 


ALABAMA: A hardware maker had trouble stripping lacquer 
from brass door knobs. Oakite Stripper S-A now does the work 
in “less than 14 the time taken by any other stripper.” 


NEW YORK: A manufacturer of business machines tested several 
strippers on various finishes on steel and aluminum. Verdict in 
favor of Stripper S-A was: “It's doing a wonderful job.” 


CONNECTICUT: A moker of brass lipstick shells has found that 
“Stripper S-A quickly strips epoxy lacquers from rejects and 
heavily coated work spindles.” 


CALIFORNIA: A missile maker reports that “Stripper S-A is doing 
a fine job stripping viny! from stainless steel and titanium.” 


FREE Write Oakite Products, Inc., 
50E Rector St., New York 6, 
N. Y., for complete information on 


Oakite Stripper S-A. 


Technical Service Representatives in 
Principal Cities of U.S. and Canada 


Export Division Cable Address: Ookite 


New Test Measures 
Oil Shear Stability 


Based on paper by 


R. RAWSON, Texaco Research Center 


HE fuel injector shear stability test 

is a simplified method of measuring 
how a lubricant will be affected by 
shear before it is placed in service. It 
is felt that: 

@ Data obtained with this test are 
at satisfactory levels of discrimination, 
repeatability, and reproducibility. 

@ The simplicity of design and oper- 
ation, coupled with the small quantity 
of sample required, makes the test 
particularly attractive. 

Although correlation with field data 
is not exact, experience has shown that 
many other more involved shear sta- 
bility tests are no better in this re- 
spect. 

The tester is shown in Pig. 1. The 
apparatus consists of a motor driven 
fuel injector pump, injector, and both 
a collecting and a feed reservoir. The 
%-hp, 1725-rpm motor is coupled di- 
rectly to the fuel injector pump, which 
feeds the test fluid to the nozzle. The 
oil flows from the nozzle into the 
upper chamber of the reservoir. After 
the oil has been collected in the upper 
chamber it is allowed to flow into the 
lower chamber, which feeds into the 
pump suction. The valve connecting 
these chambers is linked to a counter, 
which registers the number of passes 
the oil makes through the system. 

The funnel on top of the pump as- 
sembly is used to charge the system 
and also serves as a vent. The long 
outlet tube prevents loss of oil back 
through the funnel when the test is 
in progress. A drain valve is located 
at the bottom of the sump. 

To Order Paper No. 557A... 
on which this article is based, see p. 6. 


Fig. 1— Apparatus for making fuel injector 
shear stability test. 
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VIBRATION DAMPER EFFECTIVE OVER 225 DEGREE 
RANGE, NEEDS NO TEMPERATURE COMPENSATION 
Sesco Manufacturing, Inc., produces an extensive line of aircraft vibra- 
mechanisms utilizing Dow Corning Fluids. Shown is the 
Model 1025 Miniature Viscous Damper, which damps at rates of 0.5 to 
25 inch-pounds per radian per second at 70F. This unit, effective from 
to 160 F, needs no temperature compensation over its entire range 
to the silicone fivid’s stability and indifference to temperature 
. Vibration damper Model 1025 offers the advantages of small 

size, light weight, and minimum friction torque. 


How to design for 
higher efficiency with 


SILICONE FLUIDS 


Dow Corning silicone fluids offer you wider design 
latitude through many advantages not found in petro- 
leum-base oils. Silicone fluids show little change in 
viscosity over broad temperature ranges. Resistance 
to oxidation and to breakdown due to shear are 
excellent. Damping force, torque transmission and 
rate of flow through an orifice are remarkably 
uniform. These properties make Dow Corning fluids 
more efficient media for damping, torque conver- 
sion and hydraulic applications. Also, their greater 
compressibility under very high pressures makes 
them ideal for liquid springs. For more information 
on properties and performance data, call our techni- 
cal representatives in the branch office nearest you, 
or write Dept. 919. 


Dow Corning 


CORPORATION 


MIDLAND. MICHIGAN 


ATLANTA e BOSTON + CHICAGO ° CLEVELAND » DALLAS 
DETROIT * LOS ANGELES © NEW YORK * WASHINGTON, D. c 





Zealous attention to detail: 
that’s the Olin Aluminum way 


of saving you money... 


Product that’s exactly what you want... inspected to your 
individual standards ... packed and shipped in the bulks and sizes 
you can best handle. This kind of personalized Olin Aluminum 
service, and constant watchfulness, can save you time and 
trouble—and that means money. 

To achieve this, we cram our Customer Requirement Record with 
more detailed facts about your operations, needs, likes and 
dislikes than anyone else, we believe. But that’s where we see 
our biggest future: in offering you personalized individual 
service that fits you like a glove. 

If you'd like this kind of special attention and service, call the 
nearest of our 29 offices or write: Aluminum Division, Olin Mathieson 
Chemical Corporation, 400 Park Avenue, New York 22, N. Y. 


ue MATHiag 


Symbol of New Standards of Quality and Service in the Aluminum Industry Qui N‘; 0 
& 


Pan con® 
R ano “OLm ALUMINUM’ ARE TRADEMARKS 


SAE JOURNAL, SEPTEMBER, 1958 





letters from 
_ readers... 


Hoy Stevens 

Silver Spring, Md. 
Dear Editor: 

I think the article entitled “Trends in 
1958 Truck Design” in the July, 1958, 
issue of the Journal is a good feature, and 
I hope that you can run more of this type 
of article. 

While the principle of the article is good, 
it appears to me that the picture of the 
Ford engine on page 95 does not check 
with the text in paragraph 7, column 3, 
on page 94. From the illustration, it is 
apparent that the combustion chamber is 
not entirely within the block. Some of the 
other discussion also does not appear to be 
supported by the picture. 


(Mr. Stevens is right. Ford engi- 
neers tell us that the text on page 95 
describing the Ford truck engines is 
entirely correct. However, the photo- 
graph on page 94 shows the 292 cu in. 
Ford truck engine which is not one of 
the three truck engines introduced by 
Ford this year. We regret very much 
that the wrong picture was selected to 
illustrate the text. — Editors) 


From: 

George Round 

Sag Harbor, N. Y. 
Dear Editor: 

After sitting through two sessions at the 
1958 Summer Meeting devoted to engine 
“knock,” “thump,” “thud,” and “rumble,” 
this old-timer concluded that only one im- 
portant new thing had been revealed: 

Specific fuel components are an aggra- 
vating factor. 

Moreover, in the presentations there 
seemed to be no appreciation that these 
noises were a very old trouble, experienced 
long ago in low compression engines. 
There was no mention of extreme turbu- 
lence as a possible primary factor—or that 
surface ignition phenomena might be only 
a secondary and aggravating agent. 

We were quite familiar with “preigni- 
tion” and “after running” as early as 1909. 
A very common trick around New York in 
those days for a service man to avoid the 
tedious, messy job of scraping out carbon 
was to drive a car down the Vanderbilt 
Parkway at top speed to Lake Ronkonkoma, 
have a leisurely lunch, and drive back the 
same way. The owner paid the same fee 
and rarely discovered the difference. 

By 1915, after one year with an oil com- 
pany, I had learned that the best cure for 
carbon knock and preignition was a heavy 
distillate oil made from Russian crude. It 
left a soft, sooty deposit in contrast to the 
hard, flaky residue of bright stock blends. 
Coastal distillates, as then made, were a fair 
second — but unsatisfactory from the oil 
consumption standpoint. 

As to the turbulence factor, in 1922 or 
1923, Harry Horning acquired the U.S. 

Continued on page 125 
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for every requirement 


TRATORLER 
HOSE & FITTINGS 


@ Fuel Lines © Hydraulic Systems 
© LP-Gas Lines © Air Brakes 
@ Lubrication Systems ® Water 
® Coolants * Refrigerants 


Made in a wide variety of 
sizes and types for hundreds 
of commercial and industrial 
uses, Stratoflex detachable 
and reusable fittings sim- 
plify maintenance and 
assure leak-proof connec- 
tions under extreme tem- 
perature variations. Strato- 
flex hose provides the 
flexibility, small bend radii 
and durability essential for 
dependable service. 


For detailed information, write for 


P.O. Box 10398 « Fort Worth, Texas 
Branch Plants: Los Angeles, Fort Wayne, Toronto 
in Canada: Stratoflex of Canada, Inc. 





Patent No. 2793512 and No. 2796749 


ROLLER BEARINGS are so 
tightly sealed-in that dirt and 


moisture cannot enter. 


u 


This NEW type MECHANICS SAFETY SHIELD solves many 
operating problems. True ROLLER BEARINGS provide larger 
contact area, distribute the load, and avoid trouble caused 
by ball bearings bursting through the shield. No welds in 
the shield—leaving longer overlap of shicld tubes (with 
same length shaft) for greater strength. Has fewer parts. 
Thousands of hours of numerous field operations prove that 
this NEW design has far longer life than other safety shields. 


Farm equipment manufacturers everywhere are switching 
to MECHANICS shields for greater safety. Write for infor- 
mation about sizes, joint types, etc. 


MECHANICS UNIVERSAL JOINT DIVISION 
Borg-Warner * 2022 Harrison Ave., Rockford, Ill. 


Export Sales: Borg-Warner International 
36 So. Wabash, Chicago 3, Illinois 


Shield can be removed and 
serviced by the operator— 


using only a screwdriver. 
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work in the fields of the future at NAA 


ACOUSTICAL 
ENGINEERS 


Immediate opening for top- 
level man, qualified to work 
up to supervisory status, to 
work on the most advanced 
weapon systems development 
projects currently in the 
industry. 


He should have a background 
in EE, ME, or Physics, with 
an accent on several years 
experience in acoustics. 


He'll calculate and measure 
sound levels for consulting on 
procedures to insure crew 
comfort and efficiency; and 
work out sound environment 
problems on equipment of 
particular airframes and 
structural fatigue problems 
resulting from high acoustical 
levels. 


There are also challenging 
opportunities for less expe- 
rienced acoustical engineers. 


Write to: Mr. G. J. Stevenson, 
Engineering Personnel, North 
American Aviation, Inc., Los 
Angeles 45, California. 


THE LOS ANGELES DIVISION O 


NORTH 
AMERICAN 


LS 


[Ni A 


AVIATION, INC. 
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letters from readers...| There’s Engineering 


Continued 


rights for the Ricardo high turbulence 
cylinder head design. In his first applica- 
tion of it, Mr. Horning encountered what 
is now being called severe thud or rumble, 
accompanied by extreme roughness. Dis- 
cussing the problem with him one day, I 
suggested that we might find out what was 
going on if we were to use the Midgely 
optical indicator which the Vacuum Oil 
Co. had acquired sometime before for fuel 
knock studies. He agreed . . . and what 
we observed is quite pertinent to today’s 
investigations. 

First, the pressure time diagrams from 
this approximately 4 to 1 compression ratio, 
1000 rpm engine showed an abnormally 
fast pressure rise, so rapid that the spark 
advance required for maximum power was 
less than 5 deg. The slope of the combus- 
tion pressure curves was not different from 
that shown at these 1958 Atlantic City 
sessions by present, far more sensitive, 
indicators 

Second, with the idea that lowering com- 
pression might help, an extra cylinder head 
gasket was installed. There was no change 
in pressure rise rate, but severe detonation 
showed up. One more gasket added to still 
further reduce compression brought on such 
severe detonation that we dared not run the 
engine under full load. 

The conclusions were obvious. The high 
turbulence and consequent extremely rapid 
pressure rise alone were responsible for the 
noise and roughness since there were no 
combustion chamber deposits. Also the in- 
crease in compression space over the pis- 
tons made the quench area ineffective and 
brought on the detonation. 

These results, which T. B. Rendel tells 
me were duplicated in work which he did 
with Harry Ricardo in England about the 
same time, led Mr. Horning to modify the 
head design to reduce turbulence to the 
point where all noise and roughness disap- 
peared. 

Granted that this experience dates back 
about 35 yr and is not recorded in SAE 
files, it is still a fact that engine noise and 
roughness have been encountered repeat- 
edly as the L-head engine was developed to 
the limit of its efficiency. Equally often has 
it been discussed in SAE meetings and the 
fundamentals described in papers published 
in SAE Journal and SAE Transactions. 

History so often repeats itself that it 
would appear worth while for anyone at- 
tacking what to him is a new problem to 
review the SAE literature relating to the 
subject and, if possible, talk with some of 
the older men in the field. This could save 
a great deal of time and important research 
dollars. 

Discussion of this subject with one widely 
known engineer in the petroleum industry 
revealed the fact that on entering it, he 
spent nights, Sundays and holidays reading 
all the papers he could find dealing with 
fuels and lubricants and their application 
to automotive units. He still does 
which is why he is one of the best informed 
men in his field. 


“Magic” in... 
CERAMIC 
MAGNETS! 


You can do things 
with Stackpole Cera- 
magnet you can’t do 
with conventional 
permanent magnets 
...and you can han- 
dle many ordinary 
magnet applications 
better ... often at less 
cost. Ceramic magnets 
have highest magnetic 
permanency. No 
keepers needed. They 
are electrically non- 
conductive, weigh less 
... and offer numerous 
other advantages. 


% 
oe 


Pole pieces * Holding units 
Magnetic shafts * Grippers * Chucks 
Couplings * lon traps * Seals * Arc 
snuffers * Centering devices * TV 
yoke cores * TV “pin cushion” 
magnets * TV field equalizers * TV 
PM focusers * and many other uses 


Fuel pumps * Motors * Magnetic 
drives * Door latches * Clutches 
Speedometers * Switches * Toys 
Games * Statvette bases * Utensil 
racks * Novelties * Desk sets 
Relays * Generators * Oil level 
meters * Electric blankets * Butter 
warmers * Coffee makers * Can 
openers * Burglar alarms * Vending 
machines * Submerged gas pumps 
Pressure gavges °* Float meters 
Lightning arresters * Key keepers 
Inverter motors * Conveyors * Pot 
holders * Magnetos * Microphones 
TV sets °* Magnetic separators 
Recorders * Sonar devices * Gas 
pump starting switches and hundreds 
of other things 
WRITE FOR ENGINEERING 
BULLETIN RC-I1IA 


STACKPOLE 
CARBON COMPANY 
St. Marys, Pa. e 
y g 
% oe” 
an oo ® 
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CQ. MAGNET’ 


THE PERMANENT MAGNETS THAT 
ARE REALLY PERMANENT 





New Members Qualified 


These applicants qualified for admis- 
sion to the Society between July 10, 
1958 and August 10, 1958. Grades of 
membership are: (M) Member; (A) 
Associate; (J) Junior. 


Preston Taylor (A), Douglas Ian Wat- 
son (M). 


Canadian Section 


M. E. Bailey (M), Roger Eugene 
Hatch (A), G. Bruce Hood (J), Curtis 
Arthur Parkinson (M), Roger Charles 
Putnam (M), E. Ralph Rowzee (M). 


Ernest W. Wagner (J). 


Chicago Section 

Merton Juel Bangerter (J), Ben S. 
Barrett (A), Peter P. Bishop (M), Ed- 
ward D. Duke (M), Edwin P. Easterday 
(M), George A. Grassby (M), John J. 


Haunschild (M), Kellogg Huntington, 
Jr. (A), William A, Lucht (A), James 
P. Schuster (J), Harry P. Wertheimer 
(J). 


Atlanta Section 
LeVern Lewis Robertson (A). 


Central Illinois Section 


Harold Buckholdt (M), John W. 
Buckstead (M), Robert Charles Ebrecht 
(J), Karl Gallwitz (M), Henry M. Huff- 
man (M), Clifford E. Johnson (J), 


British Columbia Section 


Delphi Joseph Bortolin (J), Verne 


Cincinnati Section 

Walter S. Bertaux (M), Bert E. Sells 
(M). 
eI 


’ 


BEAM LP-GAS CONVERSION SYSTEMS 
> NOW CARRY U.L. LISTING BY REPORT 


Customized Conversions 


Specifically designed for the vehicle being 
converted. 


TO THE LAST NUT AND BOLT 


These assemblies are complete: 
Vaporizer-regulator, solenoid valve, fuel 
filter and vacuum switch are mounted on a 
plate precision-engineered and drilled for 
the specific truck being converted. All fittings 
are included, hoses are pre-cut to required 
lengths and schematic drawings show exact 
location of fuel cylinder. ICC cylinder brackets 
are included. A Bill of Materials lists all 
part numbers. 


Installation instructions are so easy to follow 
that the average mechanic can do the job in 
approximately two hours without special tools. 


Cleveland Section 


Samuel M. Darling (M), E. A. Kure 
(M), Joseph P. Repko (M). 


Colorado Group 
George W. Lovering, Jr. (M). 
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Detroit Section 


Henry K. Borden (M), John P. Bur- 
ley (J), Anil Kumar Chaudhuri (M), 
Joseph F. De Marco (J), Victor Emery 
(M), 8. T. Foresman (M), Robert Don 
Freck (J), Saul Freedman (M), Robert 
Harry Harlow (J), Letcher B. Hunt, Jr. 
(M), Lawrence F. Jenkins (J), H. 
George Jonas (J), Jame L. Jonas (J), 
Fredric H. Kaehler (J), Edward L. 
Kary (M), Robert R. Kee (M), Verne 
T. Koppin (M), William F. Leonard 
(M), Edmond E. Madion (M), Louis L. 
Pallin (M), Charles W. Phelps (M), 
Carey M. Rhoten (M), Ray G. Rhoton 
(J), Joseph B. Sablacan (M), Joseph 
Saia (M), Dr. Philip Weiss (M), Ralph 
J. Wieneke (A). 


I. ELAS MSS 


Veer 
Py es 


- i a at ee 
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CARBURETOR 
MANUFACTURER 
TO OFFER 
U.L. LISTED 
LP-GAS 
0). 4353110). 
Se O30 


And each unit is 
equipped with 
BEAM'S New Bulkhead 
fitting 


Tee BF-23 
Indiana Section 

Donald L. Boyes (M), Hugh C. Kirt- 
land (M), Kenneth Eugene Kritsch 
(M), Virgil Leslie Kuykendall, Jr. (M), 
John K. Mason (M), Elton L. Thomp- 
son (M), Kenneth N. Vaughan (M). 


Chafing and wearing of the high pressure 
fuel line are completely eliminated with the 
hydrostatic relief valve installed outside the 
engine compartment. 

Complete copies of Underwriters’ Laboratories 
“Listing by Report’ showing -actual photo- 
graphs of installations with instructions, dia- 
grams, etc. are available from Beam Products 
Mfg. Co. or from Underwriters’ Laboratories 
covering the following trucks — Yale Models 
KG-51-30 through KG-51-100 with suffix 
letters A, AT, T, R, P and S; Hyster Models UE 
30, YE-40, HE-50, UE-30T, YE-40T and HE- 
50T; Clark Carloader Models 3024, 4024, 
5024, and Towmotor Models 420-460-480- 
480P-500 and 500P. 


Oe ERIE |e 


Kansas City Section 


William T. Royston (M), C. L. Stra- 
hota (A). 


Metropolitan Section 


Frederick J. Borheck (M), Maximil- 
lian Karl Brand (J), Joseph H. Hart- 
zenbusch (M), C. J. Heine (M), L. 8. 
Hollins (M), Lawrence M. Holzapfel 
(M), Dr. Frederich W. Lohmann (M), 
William Martino (M). 


(Listing 
BEAM PRODUCTS MFG. CO. ord 
3040 Rosslyn St., Los Angeles 65, California 
CHapman 5-5791 


Continued on page 128 
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B-1 Flux is partic- 
ularly effective in 
removing refrac- 
tory oxides such as 
those formed in 
stainless steels. 


Here operator ap- 
plies gas-air torch, 
hand-feeding 
BRAZE 641 to joint. 


Operator fits preformed ring of 
BRAZE 541 prior to fluxing. This is a 
hose and tube assembly for an oil line. 


Oil-bearing unit 
under induction 


heating. 


Here’s How Stainless Stee/ Fue/ Systems Benefit From 
HANDY & HARMAN SILVER BRAZING 


Tube Processing Corporation, Indianap- 
olis, Indiana, makes aircraft and missile 
fuel systems and, if anything has to 
be more failure-proof than a fuel line 
assembly in an airplane, you name it. 
The units shown here are made of 410 
stainless steel tube and 321 stainless 
steel fittings; when they’re joined, they 
must be joined permanently. Exhaustive 
tests, including X-ray, pass on each 
assembly before final acceptance. 

To meet all requirements: strength, 
ductility, liquid and airtightness, prod 
economy, Tube Processing uses Handy 


cial alloy BRAZE 541 (formerly Alloy 4772) and HANDY 


B-1 FiLux. 


Developed strictly for brazing stainless, BRAZE 541 is © 


GET THE FACTS 


Technical Bulletins T-l and \™. 
T-2 give the general charac- \ 
teristics of silver brazing 
alloys plus the compositions, 
melt and flow points of 32 
separate alloys. Write for 
your copies. 
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Operator placing oil line (of another 
type) in induction heating ring. 


uction speed and 
& Harman’s spe- 


one of many Handy & Harman brazing 
alloys—both standard and special—made 
to do a specific job and do it better than 
any other metal-joining method. 

Name your product and the metals it’s 
made of, the chances are very good indeed 
that one of Handy & Harman’s silver 
brazing alloys can join it better than the 
method you now employ. Better from ev- 
ery aspect: economy, speed, strength, con- 
ductivity, labor savings. Put your product 
in these pictures for the same benefits. 


An exclusive additional benefit is Handy & Harman’s 
application Engineering Service. This is a service that exists 
to show you how these benefits can best be applied to your 


product. We invite you to take advantage of both Handy 


& Harman Brazing Alloys and Engineering Service. 


ATLANTA. 6a. 


Source of Supply and Authority on Brazing Alloyse-<1 1»: 


HANDY & HARMAN 


General Offices: 82 Fulton $t., New York 38, H.Y. 
DISTRIBUTORS IN PRINCIPAL CITIES 





TITANIUM 


Pe 
— 


. a 


5 


RIVETS 


A REMARKABLE SAVING IN WEIGHT 
WITH NO LOSS IN STRENGTH 


RIVET TOOL COMPAN 


ane 


STREET a 


Boeing’s B-52 Intercontinental Jet Bomber 
of the USAF’s Strategic Air Command 
gives this nation a retaliatory weapon 
capable of carrying out nuclear strikes 
anywhere in the world. Speeds beyond 
650 mph, altitudes in excess of 50,000 
feet and an unlimited range with refuel- 
ing, make the B-52 one of the most 
powerful weapons in recorded history. 


Titanium Hi-Shear Rivets are being used 
extensively in the B-52 and have trimmed 
hundreds of pounds from the total weight 
of the airplane. Weight savings of this 
nature mean longer range, greater speed 
and better overall airplane performance. 


Hi-Shear Rivet Tool Company is now 
producing Titanium Rivets in large 
production quantities and a full range of 
sizes. A comprehensive test program has 
indicated the fine physical characteristics 
of this fastener, insuring the continued 
high precision quality of the Hi-Shear 
Rivet in this new material. 


Write in for details and information on 
this and other Hi-Shear fasteners. 


LEFT — Countersunk heed Titanium Hi-Sheor Rivet 
used to fasten skin panels. 


LOWER LEFT — Protruding head Titenium Hi-Sheor 
Rivet used to fasten a fitting and flat panel. 


LOWER RIGHT — Titanium Hi-Shear Dowel Pins used 
to fasten two sloped surfaces, eliminating spot 
facing ... used on a tubular assembly, conforming 
to a round surface. 


TORRANCE CA FORNIA 


New Members Qualified 


Continued 


Mid-Continent Section 


Joseph 8S. Crawford (J), 
Kaltwasser (M). 


Erwin T. 


Mid-Michigan Section 


Walter J. Banacki, Jr. (M), Arthur J. 
Olmsted (M), Ronald O. Warner (M), 
Andrew K. Watt (M). 


Milwaukee Section 


Anthony Charles DeMatthew (J), 
Donn B. Furlong (M), Prof. Robert Ed- 
win Harloff (M), Robert L. Stott (M), 
Charles A. Werve (M). 


Mohawk-Hudson Section 
Walter Bates (A). 


Montreal Section 

Jean F. DeCelles (A), Kenneth Lloyd 
Griffith (A), Hjormund Kummen (M), 
James Robert Proctor (M), Donald 
Frederick Simpson (A), Chas. J. Tan- 
ner (M). 


New England Section 


A. Robert Campbell (A), Francis T. 
McCarthy (A). 


Northern California Section 


James F. Kenly (A), 
Marzolla (M). 


Anthony M. 


Northwest Section 


James Harold Routledge (M), Billy 
Gene Taylor (A), John William Tripp 
(J). 


Oregon Section 
William J. Kimmel] (A). 


Philadelphia Section 

Robert Ebenbach (M), John C. Hil- 
dreth, Jr. (M), Alfred M. Loeb (M), 
Harry T. Neher (M), Walter Wycliffe 
Owen (M), Anthony R. Patterson (M), 
Charles J. Prizer (M), Joseph A. Vettel, 
Sr. (A). 


Pittsburgh Section 


Alvin G. Cook (M), G. J. Otto (A), 
Arthur C. Toner, Jr. (M). 


Continued on page 132 
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Reflected in this modern motor car wheel, hub-and-drum, and brake 
KELSEY-HAYES COMPANY assembly are the precision and excellence of quality which have earned 
Gent Oiives: Bevel 25, He. for Kelsey-Hayes a respected name among suppliers to the 


Automotive, Aviation and Agricelterai 
Parts Hand Tools for industry and Home automotive industry since 1908. Products representative of the 


18 PLANTS: Detroit and Jack- 


ran; Log Angeles: specialized skills and facilities of Kelsey-Hayes in the manufacture 
New York (Utica Drop Forte of fine automotive parts and components include: wheels, brakes, 
lowa (French ‘and Mecht Divi: hubs and drums, power brakes, transmission bands and other chassis parts. 
Division); Clark, New Jersey 
ti 


(New Jersey Division); Wind- 
sor, Ontario, Canada. 
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~ IN AUTOMOTIVE ELECTRICITY 


—DELCO-REMY’S 

NEW GOLDEN MILESTONE 
SELF-RECTIFYING A.C. GENERATOR 
WITH TRANSISTOR REGULATOR 


Progressive engineering at Delco-Remy has produced the most significant development in 
automotive electricity in two decades—the revolutionary new golden milestone self-rectifying 
a.c. generator and its companion all-new transistor regulator. This trend-setting new power 
team is designed specifically to meet the extra output requirements of future cars and 
trucks—beginning with 1959 models. 


The compact new generator with its specially developed built-in silicon rectifiers can be 
installed quickly and easily with a minimum of change in standard d.c. electrical systems 
.. . Offers a heavy charge at engine idle and up to twice the total output—with only a small 
increase in weight. 


Delco-Remy’s unique transistor regulator represents a bold new concept in voltage regula- 
tion—an electronic unit composed of durable long-lasting transistors and diodes with no 
moving parts. There are no mechanical components such as springs, hinges and contacts, 
so mounting position and vibration have no effect on operation, and the usual adverse 
effects of temperature and humidity are nullified. To the user, this means long-lasting set- 
tings, more accurate control of generator voltage, and elimination of periodic maintenance. 


The Golden Milestone Power Team is an outstanding example of Delco-Remy engineering 
leadership in the automotive electrical field—of Progressive Engineering at work for you. 


ey GENERAL MOTORS LEADS THE WAY-STARTING WITH Delc emmy ELECTRICAL SYSTEMS 


DELCO-REMY . DIVISION OF GENERAL MOTORS ANDERSON, INDIANA 
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New Members Qualified 


Southern New England Section 


David G. Blackburn (M), I. James 
Elmore (M), Robert L. Fish (M), War- 


Continued 


Salt Lake City Group 


Robert John Schramm (M). 


South Texas Group 


Nelson T. Meckel (M). 


Southern California Section 


Robert S. Baird (M), 
Mattson (M), John H. Norton (M), 


R. W. Thompson (M). 


- 
— irmMmmonds aerocessorics, inc. 


General Offices: Tarrytown, New York 
Branch Offices: Detroit, Michigan * Dayton, Ohio * Washington, D.C. * Dallas, Texas 
Wichita, Kansas * Glendale, California * Seattle, Washington * Sole Canadian Licensee: 
Simmonds Aerocessories of Canada Limited, Hamilton, Ontario 


Raymond W. 


Spokane-Intermountain Section 
Ray Saling (A). 


Syracuse Section 


Nelson H, Mageoch (M), Stephen G. 


Woodward (J). 


Texas Section 


Gerald E. Stewart (M). 


SIMMONDS 


After several years of rigorous tests under ex- 
treme conditions of weather and environment, 
the Simmonds SU Fuel Injection System has 
been put into full production for U. S. Ordnance 
engines. 

The System is being adapted to engines in all 
horsepower ranges for use in passenger cars, 
trucks, buses, marine and farm equipment, earth 
and snow moving equipment. 

The Simmonds SU Fuel Injection System is a 
multiple point, low- a ti meyy  o tper ad 
injection system offering these advan- 
tages: it overcomes major icing problems; it im- 
proves cold starts; it eliminates the need of hot- 
spots and pre-heaters with a resulting increase in 
power output; it compensates for variations in 
barometric pressure, altitude and intake air tem- 
perature. The System also provides improved 
fuel distribution resulting in better cylinder head 
cooling —its operation is unaffected by engine 
attitude. 

Detailed information on SU Fuel Injection 
Systems is now available. Write on your com- 
pany letterhead for literature. 


ren Ross Jensen (M), Paul A. Yale (J). 


Francisco X. Coronado (A), Harrell 
E. Haney (M), Ed H. Muehlhause (M), 


Twin City Section 


Clare B. Palin (A), John Nicholas 
Senzig (A), George Lee Wilcoxen (M). 


Western Michigan Section 


Jack L. Conley (M), C. A. Sorensen 
(M). 


Wichita Section 
Gerald O. Deneau (M). 


Williamsport Group 


Thomas L. Holland ‘J), Cecil C. 
Rhodes (M). 


Outside Section Territory 


Norman H. Camp (A), Louis A. Gau- 
mond (J), Earl Deane Hansen (J), 
Winford B. Hickman (M), Frank A. 
Johnston (M), Murray C. Johnston 
(J), Edward O. Jones, Jr. (M), Frank 
H. Lemons (A), Peter B. Mitchell (A), 
Billy B. Roy (J), Richard A. Wittren 
(M). 


Foreign 


Hermann Barth (M), Germany; Rea 
Richard Franklin (M), Australia; Mar- 
ion Parks (A), Puerto Rico; John Perry 
(A), So. Africa; P. K. Ramachandran 
Nair (J), So. India; Alfred Cecil White- 
horn (M), England. 


Applications Received 


The applications for membership re- 
ceived between July 10, 1958 and Au- 
gust 10, 1958 are listed below. 


Alberta Group 
Maurice Lepine 


Atlanta Section 
Lewis William Quoss, Jr. 


Baltimore Section 


William Anderson, August Thomas 
Bellanca 


Canadian Section 


Philip T. Bachand, Ewart Brundrett, 
John Henry Goode, Frank M. Russell, 
Carleton C. Strahm 


Central IIlinois Section 


Albert Henry Cannon, John R. Mc- 
Michael, Jr. 


Chicago Section 

Raymond James Birkholz, Lewis S. 
Kron, William Mikulas, Joseph D. Rac- 
zek, Richard Allen Sault, Duane Rich- 
ard Sjaardema, John C. Straub, Robert 
Martin Voitik 


Continued on page 135 
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Bimetal and Piain 
Bushings offer 
substantial economies 
Rolled split plain bronze, steel 
_or aluminum; or steel lined 
with bronze, babbitt, medium 
or heavy-duty copper-alloy, or 
extra heavy-duty aluminum 
alloy. Many design variations 
possible, plus volume produc- 
tion economies. 


These alloy linings 
meet 95% of engine 
bearing needs 


Experience shows a steel back, 
lined with tin- or lead-base 
babbitt, medium- or heavy- 

duty copper-alloy or extra 
heavy-duty aluminum alloy, 
meets most performance 
requirements. 


Precision Thrust 
Washers in Bronze or 
Bronze on Steel 


Cold rolled for heavy duty. 
Steel faced with copper-alloy 
on one or both faces. Nibs, 
lugs, — vay Pica 
or 8 % 
“phen’From 1’ to 6” O.D. 


Economical Spacer 
Tubes for Hundreds 
of Applications eS ee RE ea ee 


Money-saving substitute for 
iron pipe, tubing or machined 
. Delivered ready for 
assembly, to exact dimensions 
—or can be brazed to other 
components. 


&, oe 
‘NCE 40? 


FEDERAL-MOGUL DIVISION 


BPEDERAL-MOGUL-BOWER BEARINGS, INC., 11035 SHOEMAKER, DETROIT 13, MICHIGAN 


SAE JOURNAL, SEPTEMBER, 1958 133 





.-. for every industrial application 
where heavy-duty braking 
is required! 


ft move... 
ROCKWELL-STANDARD 
BRAKES CAN STOP ITI 


Unequalled stopping power and outstanding 
control are characteristic of the FSH. The 
brake shoes operate with a floating action. 
This permits the shoes to center themselves 
in the drum .. . eliminates the danger of 
liner loads concentrating at one point. The 
am & to san result of this even load distribution is a de- 
pendable, controllable brake . . . in either 
, direction of travel. 
Fr L oO AT a Pat G The FSH now is available in a wide range 
—= of sizes for dependable control application 
on industrial, construction and materials 
Ss i oOo E handling equipment. 
ae Other outstanding features offered by the 
FSH Brake are listed below: 


H Y oO ae A U L § Cc Mechanical Parking Brake Hook-Up. A separate 


parking brake is no longer necessary with FSH. If 
specified, the FSH Brake can be furnished with a 


BRAKE mechanical parking brake linkage. 
Long-Life Lining. Brake lining is bonded to the shoe 
te give maximum lining area. 


Positive Automatic Adjustment for special applica- 

° tions. One application of the foot pedal sets the au- 

Designed for close tomatic adjustment. No further adjustment is re- 
quired during the full life of the brake lining. 


control with Positive Contact Drum Seal. Where a sealed brake 
is required, the FSH incorporates al betw 
heavy loads hithbiii~ ih aihkhé: 


©1958, R-S Corp. 


RTI een te ™ Perr ey — 


Another Prods. “ROCKWELL-STANDARD 
gf See eT) ey — 


For every industrial, agricultural or automotive 
application where braking is required! 
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Applications Received 


Continued 


Cincinnati Section 
Lawrence J. Jamison, Warren F. 


Koepsel, Howard J. Revelson, Robert 
John Smuland 


Cleveland Section 
Raymond W. Kupp, George Joseph 


Markovich, Robert James Myotte, Sam- 
uel Elliott Rogers, James F. Ulrich 


Colorado Group 
William H. Reisbol 


Dayton Section 


Donald J. Clark, Frank H. Fisher, 
Alfred J. Fonzi, George H. Thomas 


Detroit Section 

Harold M. Alexander, John Robert 
Burnett, James Dean Campbell, James 
A. Capolongo, Thomas Edward Duffy, 
Vincent E. Flaherty, Karl E. Gierman, 
Charles C. Hagenbuch, Jr., Donald E. 
Hart, Rudolph Kajor, Arthur T. Lewry, 
George E. Mayhew, Arman Mooradian, 
Stanley L. Pierce, Jr., William A. Rasor, 
Eugene L. Scala, Jr., Gary L. Schwand- 
ner, Donald 8S. Snider, Frederick L. 
Toal, Kenneth B. Valentine, John D. 
Van Veen, Jr., Arthur D. Walker, James 
E. Zane, Edwin C. Zimmermann, Eu- 
gene George Zipp 


Hawaii Section 


Cecil S. Carmichael, John L. Nugent, 
Roy Sherman Tucker 


Indiana Section 
Carl W. Eddy, William Lloyd Ratts 


Metropolitan Section 


Eugene G. Caputo, Robert Jerome 
Doyle, Andrew Kelemen, Harley Dane 
Kysor, John Lawrence Long, Alexander 
J. Ozarowski, Gerson Zweighaft 


Mid-Continent Section 


Nathandale Farris, Horace L. Hale, 
John F. Mason, Vaughan W. Rhoades 


Mid-Michigan Section 
Marwood Mathew Frank 


Milwaukee Section 


James T. Boone, Louis E. Dondero, 
Leon E. Hard, Robert T. Larsen, John 
G. Topp 


Montreal Section 


Edward A. Kersulis, Anthony Alex- 
ander Newbury 


Continued on page 139 
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USED with copper, brass, aluminum, 
plastic tubing. PRESSURE RATING: 

750 p.s.i. to 3000 p.s.i. depending on O.D. 
of tube. 


SIZE CHART 
1/8 3/16 1/4 5/16 3/8 7/16 1/2 5/8 3/4 
A 5/16 3/6 7/16 1/2 5/8 11/16 3/4 7/8 1-1/16 
B24 24 20 2 8 WW WW 14 


SIZE CHART 
1/8 3/16 1/4 5/16 3/8 7/16 1/2 5/8 3/4 


A S/i16 3/8 7/16 1/2 9/16 5/8 11/16 13/16 1 
[3 sh uM uM Ma a; 1% 618 


WEATHERHEAD SELFALIGN® 


SURE RATING: from 1000 p.s.i. to 2000 p.sii. 
depending on O.D. of tube. 


SIZE CHART 
V8 3/16 1/4 5/16 3/8 7/16 1/2 5/8 3/4 


A 5/16 3/8 7/16 1/2 9/16 5/8 Vi/ié 13/16 1 
B24 24 2 2% 2% 64 2hlUhlU 


WEATHERHEAD \NVERTED FLARE 


Meets specs of S.A.E. Hydraulic Tube Fittings and 
ASA. and A.S.M.E. codes for instruments and 
control piping. USED with copper, brass, alumi- 
num, steel, Bundyweld and plastic tubing. PRES- 
SURE RATING: from 800 p.s.i. to 3000 p.s.i. de- 
pending on O.D. of tube. 


SIZE CHART 
1/8 3/16 1/4 5/6 3/8 7/16 1/2 5/8 3/4 
A 5/16 3/8 7/16 1/2 5/8 Vi/16 3/4 7/8 1-1/8 
82 2 m4 2 8 8 1 


WEATHERHEAD PIPE 


Meets specifications of S.A.E. TPHL Fittings Com- 
mittee. USED with brass or steel pipe. PRESSURE 
RATING: up to 5000 p.s.i. depending on size of 
pipe. 


SIZE CHART 


__ ys ys 38 2 3/4 1 
A W3/s2 (8/6 C/N O/T “V-1e “5716 
ae. ae ae “4 “4 1-1/2 


“HON! W3d SOVIUHL-@- 


HON! Wie SOV IeHi-@- 


34.0N 
8 


view. 
HON! Wied SOV JeHL 





ing with basic facts about alloy steels. Though much of the 
information is elementary, we believe it will be of interest to 
many in this field, including men of broad experience who 
may find it useful to review fundamentals from time to time. 


XXIX This is the twenty-ninth of a series of advertisements deal- 


Cold-Finishing of Alloy Steel Bars: 
Grinding and Polishing 


Grinding and polishing of cold- 
drawn or turned alloy steel bars is 
the concluding discussion on the 
subject of cold-finishing. In the pro- 
cesses of turning and polishing, 
and grinding and polishing (both 
of which require removal of surface 
metal), the surface finish of the bars, 
as well as their dimensional ac- 
curacy and alignment, are improved. 
But the ultimate in quality of 
bright, smooth surface finish and ac- 
curacy is produced by grinding and 
polishing of either cold-drawn bars 
or turned bars up to 4-in. diam, 
inclusive. 


GRINDING AND POLISHING 

Sizes up to and including 4-in. diam, 
are generally confined to centerless 
cylindrical grinders. Larger sizes are 
ground on centers. A_ centerless 
grinder includes a grinding wheel, 
a regulating wheel for applying 
pressure against the bar, and a work- 
rest blade which both supports the 
bar and guides it between the wheel 
spacing. Automatic feed of the 
whole length of the bar is accom- 
plished because the regulating wheel 
is set at an angle of inclination with 
respect to the grinding wheel, and 
thus within this system the bar 
rotates and feeds during grinding. 
The bar is then polished to a mir- 
ror-like finish by passing through 
straightening rolls. 

Both processes of turning and 
polishing, and grinding and polish- 
ing, are applicable to normalized, 
annealed, or heat-treated carbon 
and alloy bars. These operations do 


not materially affect the mechanical 
properties. For this reason, the end 
product can be machined unsym- 
metrically, with little or no tend- 
ency to warp. 

Fundamentals Only. In the past 
four advertisements, we have out- 
lined basic fundamentals only on the 
cold-drawing of alloy bars, the effect 
of cold-drawing, turning and polish- 
ing, and grinding and. polishing. 

Please keep in mind that Beth- 
lehem metallurgists have given long 
study to specifications with respect 
to chemical composition, grain size, 
hardenability, machinability, and 
the like, of cold-drawn alloy steel 
bars. If you would like additional 
information on cold-drawn products, 
or alloy steels, our metallurgists will 
gladly give you all possible help, 
without cost or obligation. 

When you are ready for new 
supplies of alloy steels, Bethlehem 
can offer the full range of AISI 
standard grades, as well as special- 
analysis steels and all carbon grades. 


If you would like reprints of this series of adver- 
lisements, please write to us, addressing your 
request to Publications Department, Bethlehem 
Steel Company, Bethlehem, Pa. The subjects in 
the series are now available in a handy 40-page 
booklet, and we shall be glad to send youa free copy. 


BETHLEHEM STEEL COMPANY 


BETHLEHEM, PA. 


On the Pacific Coast Bethlehem products 
are sold by Bethlehem Pacific Coast 
Steel Corporation. Export Distributor: 
Bethlehem Steel Export Corporation 


BETHLEHEM STEEL 
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A lifetime of beauty never before achieved 


the 
MAGIC MIRROR finish 


ALPHA-GRY L --new Super paint 


manufactured by 


An original research development of the Rinshed-Mason Company, RINSHED-MASON COMPANY 
ALPHA-CRYL is a truly luxurious automotive finish. This new 
acrylic polymer provides outstanding depth of color, gloss reten- Detroit 10, Mich. 


tion, and overall durability never before achieved. Anaheim. Calif 


Windsor, Ontario, 
Canada 


ALPHA-CRYL will appear on many of America’s outstanding cars 
in 1959. Your inquiry is welcome. 





A UNIQUE JR 
FACE AN AN 
TRANSE ( ARE 
BOTH 1c NED IN 
K&E eRCULENE 


FOR PENCIL 


Excellent “take’’... 
complete erasability 
for all three 


-.- AND TYPING 


Now K&E provides the ultimate “3-way” surface 
for super-tough HERCULENE” Drafting Film 


Only K&E Herculene Drafting Film 
has a surface perfectly engineered for 
pencil, ink and typing... plus the ex- 
treme toughness and durability of a 
DuPont “Mylar®” film base. You get 
the absolute assurance of superior 
“take”. And Herculene erases easily 
and quickly without the need for 
erasing or correcting fluids. 


Virtually indestructible, Herculene is 


so tough you can hardly tear it. It can’t 
be damaged by moisture. And it’s 
permanent . . . your drawings are resist- 
ant to damage by aging or handling. 
Herculene has “balanced” trans- 
parency ... just the right combination 
of high actinic transparency for repro- 
duction with essential visual opacity for 
drafting. You get sharp, legible repro- 
ductions at high machine speeds. And 


you can make prints from a Herculene 
Drawing indefinitely without its yellow- 
ing or tearing, cracking or becoming 
brittle. 

Herculene is economical too. . . costs 
only a few cents more than cloth. Prove 
these facts for yourself by writing today 
for a free sample. Just clip and mail the 
coupon below. 


KEUFFEL & ESSER CO., Dept. SJ-9, Hoboken, N. J. 


I want to see a sample of the new K&E Herculene, 


Name & Title:___ sishsasseatiebitigdictass 





Company & Address:__ 
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Applications Received f e w¥e if 


Continued ri 
| VOLUME PRODUCTION 


New England Section 


Robert L. Benford, Howard E. Pen- | | a, ; AT ¢. A. E. 


dergast 


Northern California Section 


Arthur Norman Baldwin, Jr., John 
S. Coon, Herbert Dale Millay, James Z. 
Svoboda 


Northwest Section 


George Bates, Jr., James Monroe Mc- 
Gee 


Phi'ade'phia Section 

Irving A. Feden. Russell E. K'inger. 
Robert C. Muir, Wa'ter Scott Nissley, 
Julius Uradnisheck, Jr. 


St. Louis Section 


Richard Charles Bueler, Timothy 
Martin Cross. Dick Q. Durant, Kenneth 
Randolph Mills 


Salt Lake Group 
James Albert Smith 


San Diego Section 


Donald Francis Barton, Russell L 
Benson, Richard Paul Warren 


Southern Ca‘ifornia Section 


Newton C. Alcxander, Arnold J 
Bauder, Warren Coleman Bullis, James 
J. Crowe, Marvin J. F.uer, James Rob 
ert Prycr, Maths Gradin, Philip W Typical of the finest results of Continental development is 
Hampton, Sheldon Hyman, Daniel - 
Lehrer, Don J. Lierle, James H. Rupert the TC-106 portable compressor unit for ground support 
Leo A. Tairov, John Ellis Turncy, Jack applications. This advanced new model, with a high per- 
L. Whitener, George R. Williams formance turbine compressor as its heart, weighs one-third 
less than its predecessor, yet has 17 per cent higher output, 
and in addition, other important qualities: greater mobility, 
less noise, and a completely automatic control system. 
Texas Section . « « is now in volume production at the Continental 
Dona'd M. B>ll. C’arence Elmer Cain Aviation and Engineering Toledo plant. 
Jr., Jimmy J. Dorland a 


Southern New Eng'and Section 
Donald E. Boyce 


Texas Gulf Coast Section 


Carl A. Hafer, Harvey Dean McEl 
han-y, John Marvin Metcalf, Raymond 


C.A.E. gas turbine models—the J69-T-9, the J69-T-2, and the J69- 
T-19A are being built for Cessna’s T-37A twin jet trainer, Temco's 


Edward Vache, Harold K. Wilson TT-1 Navy jet trainer, the Beech jet Mentor trainer, and the Ryan 
Q-2A Fire Bee target drone. 


Twin City Section 
Norman F. Wulf 


Outside of Section Territory 


John Curnan, Clair J. Elgin, James 
E. Long, Warren O. Simpson, Donald : 
A. Wesley Ee aA aa OR eet 
12700 KERCHEVAL AVENUE, DETROIT Swe Gell. 
Foreign 
F. de Vries, Netherlands: Francis 
Patrick John Dusting, England; K. SUBSIDIARY OF CONTINENTAL MOTORS CORPORATION 
Fritz Kugel, Germany 
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BIG OR SMALL . .. BENDIX DRIVES 


Throughout the world of transportation it’s an accepted fact 
that you start with Bendix! And it’s not surprising. Bendix* 
Starter Drives have been synonymous with dependability for 
fifty years in the automotive field. They’ve proved themselves 
just as reliable on submarines, aircraft, earth movers, outboard 
motors, helicopters. In fact, every type of internal-combustion 


START THEM ALL 


engine ever built has used a Bendix Starter Drive. Hospitals 
use Bendix Drives to activate their stand-by equipment. Air 
raid sirens across the country are started with Bendix Drives. 
It’s logical to believe that such universal acceptance indicates 
a standard of quality which no other manufacturer has been 


able to match. Need we say more? 
206. 0. S. PAT. GEFs 


Bendix-Elmira, n.y. be 


ECLIPSE MACHINE DIVISION 
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TRUCK OPERATORS - 


Add Braking Power, 
Increase Safety, With 


Assistor-Type 
Hy-Power BRAKES! 


Available In Air Or Vacuum— Complete 
Kits At All Midland Distributors 


You can substantially boost the braking power of your 
truck, add life to the system, and increase the safety 
of your operations by equipping your vehicle with 
Midland Hy-Power Assistor-Type Brakes. 


They’re inexpensive, easy to install, amazingly effective. 
Available in either air or vacuum, they come in a wide 
range of sizes—from the model designed for ¥/2-ton trucks 
to the heavy-duty unit for 3-ton vehicles. And there’s 
a Midland Hy-Power model for passenger cars, too. 


Your nearest Midland Distributor has a full line of 


Hy-Power Brakes in complete kits — ready for quick, 
easy installation. Equip your trucks and enjoy the bene- 
fits of safer, more efficient braking, reduced driver fatigue. 


YOU GET THESE EXTRA ADVANTAGES WHEN 
YOU CHOOSE MIDLAND HY-POWER BRAKES 


NO ADJUSTMENT — NO LUBRICATION — No critical 
settings to be maintained. All moving parts lubricated 
automatically by the brake fluid in the system. 


YOU RETAIN “BRAKE FEEL” — You are fully aware 
of “brake feel” and light pedal pressure required at 
all times. 


EXTRA SAFETY — You keep present hydraulic system 
in reserve, thus enjoy the added safety feature of 
regular brake operation in case of power failure. 


DEPENDABLE OPERATION — Performance not affected 
by moisture, condensation, or body dents or dings. 


/ POWER \, 
LL 


MIDLAND-ROSS CORPORATION 
OWOSSO DIVISION @ OWOSSO, MICHIGAN 
Export Department: 38 Pearl Street, New York, N. Y. 


The Only Complete Line of Braking Equipment 
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For Passenger 
Cars 


For 1% x 1% 
Master Cylinder 


For 1% x 1% 
Master Cylinder 


For 1% x 1% 
Master Cylinder 


For 1% x 1% 
Master Cylinder 


For 1% and 14 x 1% 
Master Cylinder 


For 1% x 1% 
Master Cylinder 





Tale of Two Steering Cams 


- 


MM Constant ratio 22:22:22 .. . 22 to 1 ratio for cornering 
and 22 to 1 for straight-ahead driving . . . 5 turns of steering 
wheel from lock to lock. 


Variable ratio 12:20:12 . . . 12 to 1 ratio for cornering and 
20 to 1 for straight-ahead handling . . . 3 turns of wheel from 
lock to lock. 


..- Constant Ratio and Variable Ratio 


> Yes, these two cams tell a Ross engineering story of alert 
steering response and greater maneuverability for vehicles of 
many different types: 


Passenger Cars Farm Machinery 
Trucks, Buses Industrial Equipment 


> The two vastly different cams also help dramatize the fact 
that Ross provides a gear for every steering need, power or 
manual, variable or constant ratio. Variable ratio steering 
was originated and developed by Ross. 


> Ross invites discussion of any steering problem. 


STEERING 


ROSS GEAR AND TOOL COMPANY, INC. » LAFAYETTE, INDIANA 
Gemmer Division + Detroit 
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Metal users, 
you can simplify... 
you can save money 
by standardizing on 
two alloy steels... 


4620...4340 


easy to get at your 
Steel Service Center 


es rei 4620 and 4340 and you stand- 
n fabri heat treating processes... 

an rc “seb 
e cutting production costs right down 





six cyl. 


Now you can put a power plus in your 
products with four new International 
6-cylinder 75 or 90 horsepower en- 
gines. Each new pair of diesel or car- 
bureted engines is interchangeable in 
power and dimensions. And because 
all four are specifically built for 
heavy-duty work, many parts are 
common. 

The 90 hp pair, the new UD-282 


New 6-cyl. diesel front section and 
right side view of complete 6-cyl. 
engine. 


UD-236..75 max. hp @ 2400 rpm 
UD-282..90 max. hp @ 2400 rpm 


HEAVY-DUTY ENGINE FEATURES FOR DEPENDABLE, LOW-COST PERFORMANCE 


UD-236 and UD-282 Diesel Engines ve UC-221 and UC-263 Carbureted Engines 


* 17.6:1 compression ratio for compression ignition and minimum e 7.2:1 compression ratio and large 18 mm spark plugs for top per- 
fuel consumption Be formance on regular gasoline 


Simple accessible fuel injection system with automatic advance ig Updraft carburetor and top outlet exhaust for high sustained 
for best fuel economy i power output with minimum heat interference 


Precombustion chambers for low firing pressures and clean burn- Fully machined combustion chambers for uniform power from 
ing of No. 2 diesel fuel under all loads and speeds i each of six cylinders 


Exhaust valve rotators and intake valve umbrella oil seals : Exhaust valve rotators and intake valve O-ring oil deflectors 
® Easy 12-volt direct electric starting * 12-volt starting and ignition system 
Pressure lubrication through full-flow filter and rifle drilled Pressure lubrication through full-flow filter and rifle drilled 
passages passages 
Deep I-block crankcase ribbed for extra strength and rigidity. Deep I-block crankcase ribbed for extra strength and rigidity 
Replaceable cylinder sleeves for low cost life extension Replaceable cylinder sleeves for low cost life extension 
Heat treated forged steel I-beam connecting rods Heat treated forged steel I-beam connecting rods 
Low friction aluminum-alloy dished top pistons Low friction aluminum-alloy stepped-dome pistons 
Thoroughly sealed against life-robbing dust and dirt Thoroughly sealed against life-robbing dust and dirt 


6-cylinder smoothness in a complete package 6-cylinder smoothness in a complete package 
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NEW International 
75-90 horsepower 


GASOLINE INTERCHANGEABLE ENGINES 


and UC-263, as well as the 75 hp UD-236 and UC-221, 
feature efficient, economical valve-in-head design, re- 
placeable cylinder sleeves, thru-hardened counterbal- 
anced crankshafts and gear-driven induction hardened 
camshafts for a new high in long life dependability. 

The UD-282 and UD-236 are direct-start diesels 
with time-proven International pre-combustion cham- 
ber design. Use of a %” larger bore in the diesels 
makes possible the same power as corresponding gaso- 
line models with lower B.M.E.P. A glow plug for each 


pre-cup is regular equipment for easy starting in any 
weather. 

Gear-driven mechanical governors on all engines 
provide excellent speed regulation. Rated load speeds 
to 2400 rpm are available to suit application 
requirements. 

Installation in your products is simplified by six- 
cylinder built-in smoothness and availability of 
matched power unit components including air cleaner, 
base, radiator and enclosure. 

For complete information on any of 22 International 
4, 6, and V-8 engines, write International Construction 
Equipment Division, Melrose Park, Illinois. 

Brief Specifications 
UD-236 | UC-263 | UD-282 
35" 3%" 31/9” 
3Nh5" 4.390" 
236 263 


Mox. hp @ 2400 rpm 75 90 
@ 1800 rpm 61 72 


Overall length of oll engines with fan and No. 3 flywheel housing is 41%¢" 


International” 


Construction 
Loupment 


International Harvester Co., 180 N. Michigan Avenue, Chicago 1, Illinois 


A COMPLETE POWER PACKAGE: Crawler and Wheel Tractors .. . Self-Propelled 
Scrapers... Crawler and Rubber-Tired Loaders... Off-Highway Haulers... Diesel 
and Carbureted Engines ... Motor Trucks... Farm Tractors and Equipment. 


New 6-cyl. gaso- 
line front section 
and left side view 
of complete 6-cyl. 
engine. 


UC-221..75 max. hp @ 2400 rpm 
UC-263..90 max. hp @ 2400 rpm 
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Newest of the Garlock 2,000 


T 
New Garlock WITOW [:\ Rubber Parts Give 
Maximum Resistance to Solvents and Heat 


Unharmed by exotic new fuels, solvents, acids, bases 


Garlock VITON A rubber parts are more resistant to harmful 
liquids than any other rubber known. Following is a partial 
list of liquids you can use in contact with VITON A. It has 
extremely low swell in solvents: 


OS 45 hydraulic 
and turbo oil 
ASTM £8 oil 
ASTM reference fuel B 
Kerosene 
JP-4 fuel 
Ethylene Glycol 


Still flexible at 600° F. In addition to excellent resistance 
to deterioration by liquids VITON A rubber parts perform 
excellently in heat up to 600° F. for limited periods of time 
without significant loss of elasticity. After oven aging for 1 
week at 500° F. Viton A shows only the slightest change in 
duro, tensile strength, and elongation characteristics. 


Good compression set. Using the ASTM-D-395 method B 
for 70 hrs. at 350° F. it shows as low as 25% set. 


Cellulube 

Benzene 

Carbon tetrachloride 
Carbon disulfide 
Naphtha 

Aniline 
Trichlorethlene 


Hundreds of Applications. Garlock ViTON A molded and 
extruded parts are for use on aircraft, missiles, automotive 
and other mechanical equipment where you need a rubber 
which gives maximum resistance to deterioration by liquids 
and heat. 


Also available as sealing elements in KLozuRE* Oil Seals, 
flexible members in MECHANIPAK* Mechanical Seals, ‘‘O” 
Rings, cups, CHEVRON* packing. VITON A products are 
another part of “the Garlock 2,000” . . . two thousand dif- 
ferent styles of packings, gaskets, and seals for every need. 
The only complete line. See your local Garlock representa- 
tive, or write for further information. 


THE GARLOCK PACKING COMPANY, Palmyra, N. Y. 


For Prompt Service, contact one of ovr 30 sales offices 
and warehouses throughout the U. S. and Canada. 


Cantocx 


Packings, Gaskets, Oil Seals, Mechanical Seals, 
Molded and Extruded Rubber, Plastic Products 


*Garlock Trademark tDu Pont Trademark 








Right for the job 
because they’re 
built for the job... 


hoa e 


be: i a 


ie 


EVANS HEATERS ARE RIGHT FOR TRUCKS 
BECAUSE THEY’RE BUILT FOR TRUCKS 


Evans heaters . .. eo specifically for trucks and 
buses . . . are built for heavy-duty operation. 


An Evans heater keeps the driver comfortable with 
a continuous flow of fresh, warm air. It also provides 
ample defrosting, keeping the windshield and side 
windows clear at all times. 

Evans heaters do a better heating job because they 
provide both high BTU ratings and proper heat dis- 
tribution. Without proper heat distribution, high BTU 
ratings are meaningless. 

Evans heaters are custom-built to meet your indi- 
vidual requirements; each is backed with a parts 
“repair or replace” warranty good for a full year or 
50,000 miles, whichever occurs first. 


Whatever your truck heating problem, our engineers 
will be happy to help you solve it. Write for full in- 
formation to Evans Products Company, Dept. Z-9, 
Plymouth, Michigan. 

Regional Representatives: Cleveland, Frank A. Chase 
Chicago, R. A. Lennox Co., Inc.; Detroit, Chas. F. Murray Sales Co. 
Allentown, Pa., P. R. Weidner 
EVANS PRODUCTS COMPANY ALSO PRODUCES: 


railroad loading equipment ; bicycles and velocipedes ; “Evanite’’® fir plywood; 
fir lumber; “Evanite’® battery separators; Evanite hardboard®; 
“Haskelite”® building panels, Plymeti*® and doors; Evanite Plywall® 


EVANS PRODUCTS COMPANY * PLYMOUTH, MICHIGAN 
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creative designing calls for an open mind 


Leonordo da Vinci's design for as Scale model courtesy of IBM 


EVEN DA VINCI’S SELF-DRIVEN CAR COULD HAVE 
BEEN BETTER WITH HELP FROM AN &)JX/F ENGINEER. 


When you receive the recommendations of an @2S# engineer, you know they are in 
no way determined by possible restrictions in his product line. That's because the Sis 
line includes all four types of ball and roller bearings, in many thousands of sizes. This 
gives every &8S engineer the kind of flexibility he needs to keep an entirely open mind 
on any bearing problem, Give us your problem and see. 


EVERY TYPE-EVERY USE 


okKF. 


SKF INDUSTRIES, we j . 
Spherical, Cylindrical, Ball, and “Tyson Tapered Roller Bearings ee a 


* REG. U. 6. PAT. OFF, 
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Enjay Buty! is used in the new Willys ‘Jeep’ FC-150 Truck—as 
weather strips, transmission mountings, small extrusions for doors. 


ENJAY BUTYL 


Improves performance, cuts costs in 


The new Willys ‘Jeep’ “Forward Control” 
Truck features all-direction visibility. The 
more than 2,700 square inches of glass 
demanded a window-sealing material that 
wouid stay firm and weather-tight for the 
life of the truck. Supplier B. F. Goodrich 
Co. chose Enjay Butyl for weather- 
stripping because of its exceptional resist- 
ance to weather and aging. A tighter, 
longer-lasting seal is assured by the well- 


known vibration and shock-absorption 
qualities of Butyl—an important factor in 
this rugged-duty ‘Jeep.’ 

Butyl offers improved quality at low cost. 
More and more automotive manufacturers 
are switching to Butyl. Today over 100 
automotive parts are made with this 
modern rubber. For further information 
and expert technical assistance, write or 
wire the Enjay Company. 


Pioneer in Petrochemicals 


ENJAY COMPANY, INC., 15 west 51st Street, New York 19, N.Y. 


new ‘Jeep’ 


BUTYL 


Enjay Butyl is the greatest 
rubber value in the world. 
It’s the super-durable rub- 
ber with outstanding resist- 
ance to aging + abrasion « 
tear « chipping + cracking + 
ozone and corona « chem- 
icals + gases « heat + cold « 


Akron + Boston + Charlotte + Chicago + Detroit + Los Angeles * New Orleans + Tulsa sunlight « moisture. 
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Try this money-saving method 
that auto-makers use 


A-L CAST-TO-SHAPE TOOL STEELS 


Contains the latest informa- 
tion on FCC Air Hardening, 
Oil Hardening and other 
Cast-To-Shape Tool Steel 
Specialties that can save you 
time and money . . . also 
Composite Die Sections and 
Smooth Hammered Forgings 
in a wide range of tool and 
stainless steels. Don’t wait— 
get your copy NOW. 


Write Today 
ADDRESS DEPT. SA-9 


Auto makers, too, are included in the 
long list of manufacturers enjoying 
the advantages and economies of A-L 
Cast-To-Shape tool steels. By this 
modern, money-saving method of tool 
and die making, it is possible to cast 
even intricate shapes to within an 
eighth of an inch of finished size. The 
savings in time and material over that 
of machining from solid stock are 
readily apparent. 

A-L Cast-To-Shape tool steels are 
offered in a variety of grades, and are 
electrically melted to precise labora- 


tory standards. They are remarkably 
resistant to abrasion and possess great 
compressive strength. In many cases, 
they out-perform tools and dies made 
from solid bars and forgings. 

Remember, with A-L Cast-To-Shape 
tool steels, you buy less steel orig- 
inally, and you have less machining to 
do for finish. Ask your A-L repre- 
sentative about them TODAY ... or 
write Allegheny Ludlum Steel Corpo- 
ration, Forging and Casting Division, 
Wanda and Jarvis Avenues, Detroit 20, 
Michigan. 


For complete MODERN Tooling, call 


Allegheny Ludlum f= 


wsw 6076 


SAE JOURNAL, SEPTEMBER, 1958 





BLOOD BROTHERS works with you 
to HELP CUT COSTS | i 


-++ when your project 
requires a simple 


universal joint like this ... 


- @ complete 
agricultural type 
assembly ... 


+++ OF automotive 
and industrial units 
like these: 


YOU CAN SAVE MONEY TWO WAYS: 


ONE—Have Blood Brothers review ai// joint and drive line specifications 
and costs for your current models. You'll help insure the lowest-cost pur- 
chasing of components that fulfill specifications. It's easy to submit data 
on ‘Spec Sheets’’ like that above—or if you wish, send us your engi- 
neering drawings. 

For example, one maker of eight types of machines cuts costs 

by using only three sizes of joints. This means smaller inven- 

tories, fewer parts to catalog and stock, and volume prices. 


TWO—Save time at the start of new projects by sending us a ‘Spec Sheet”’ 
with your data. Our engineers will submit drawings and recommendations 
that may forestall problems later. 


Blood Brothers builds more standard types and sizes of universal joints than 
any other manufacturer—and will gladly work with you to help cut costs. 


Just write or call—and request your supply of handy 
blank ‘‘Spec Sheets’’ for use now or later. 


ROCKWELL-STANDARD CORPORATION UNIVERSAL JOINTS 


(Formerly Rockwell Spring and Axie Company) AND DRIVE LINE 


Blood Brothers Universal Joints ASSEMBLIES 


ALLEGAN, MICHIGAN 
© 1958, Rockwell-Standord Corp. 
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ANNOUNCING... 


the newest addition to the Delco 
family of PNP germanium transis- 
tors! It’s ideaily suited for high- 
speed switching circuits and should 
find wide use in regulated power 
supplies, square wave oscillators, 
servo amplifiers, and core-driver cir- 
cuits of high-speed computers. It’s 


the 2N553! 


NEW HIGH-FREQUENCY POWER TRANSISTOR BY DELCO 


No other transistor offers so desirable a combination of 
characteristics for applications requiring reliability and 
consistency of parameters. 


TYPICAL CHARACTERISTICS T = 25°C unless otherwise specified 


Collector diode voltage Veg............... 80 volts maximum 
(Veg= —1.5 volts) 

Emitter diode re ook. cats 40 volts maximum 
(Vv o=-=- 1.5 volts) 

Collector current...... ape ae 4 amps. maximum 

Base Current 1 amp. maximum 

Maximum junction temperature ss cee 

Minimum junction temperature 65°C 


BRANCH OFFICES 
Newark, New Jersey Santa Monica, California 
1180 Raymond Boulevard 726 Santa Monica Boulevard 
Tel: Mitchell 2-6165 Tel: Exbrook 3-1465 


Collector diode current Ico (Vcg = 2 volts).................12 pa 
Collector diode current leo (Veg = — 60 volts) ; 0.5 ma 
Collector diode current Ieo (Vcg = — 30 volts, 75°C) 0.5 ma 
Current gain (Vce = —2 volts, lp = 0.5 amp.) 55 
Current gain (Voce = 2 volts, lp = 2 amps.). 25 
Saturation voltage Ver (1, = 220 ma, |, = 3 amps.) 0.3 


Common emitter current amplification cutoff frequency 
(Ile = 2 amps. Vec = 12 volts). .. 25 ke 


Thermal resistance (junction to mounting base).......... 1° C/watt 


DELCO RADIO sxc“ 
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; EDSEL CRANKSHAFT — 
Economic Production With RCI FOUNDREZ Resins In 


THE SHELL MOLD STORY OF THE YEAR 


You see here one of the largest shell mold castings now in 
mass production. It’s the Edsel crankshaft. And an RCI 
phenol formaldehyde FounpReEz resin is used extensively 
to produce the shell molds. 

Edsel production engineers have found many advan- 
tages in use of the shell mold process for this important 
casting. For example, the shell molds reproduce patterns 
more exactly. They are portable and use less sand. Cast- 
ings have closer dimensional tolerance, require less ma- 
chining. In general, foundry efficiency, flexibility and pro- 
duction rate are increased. 

There are also good reasons why Edsel uses RCI 
FounpReEz resins. For one thing, continuity and quality 
control in resin manufacture are assured because RCI is 
a basic producer of both phenol and formaldehyde. In 
addition, 35 years of wide experience in synthetic resin 
manufacture is concentrated in RCI’s Detroit plant, where 
these FouNnDREZ materials are produced. 
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If you have a foundry job where shell molding may offer 
advantages, write the RCI Foundry Division for full in- 
formation on FouNDREZ resins. 


REICHHOLD 


FOUNDRY PRODUCTS 


FOUNDREZ — Synthetic Resin Binders 
coRCiment— Core Oils 
COROVIT — Self-curing Binders 


Creative Chemistry ... Your Partner in Progress 


REICHHOLD CHEMICALS, INC., 
RCI BUILDING, WHITE PLAINS, N.Y. 





WHY BUNDY LEADS IN MASS-FABRICATION: 


COPPER BRAZING...Another reason why 


And Bundyweld can be mass-fabricated even in 
the most complex shapes—at a low unit-cost 
which results from three Bundy advantages: 


Bundyweld starts as a single strip of into a tube of uniform thickness, and Result: Bundyweld Tubing—double- 
copper-coated steel. Then it's continu- passed through a furnace where cop- walled, beadless, metallurgically 
ously rolled twice around laterally ... per coating fuses with basic steel. bonded through 360° of wall contact. 
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Photomicrograph of cross-section 
shows how Bundyweld Tubing is 
metallurgically bonded through 
360° of double-walled contact. 


oe? 


ek. 


Bundyweld prevents hydraulic leakage 


This tubing was passed through a furnace where its 
copper coating fused permanently with base steel. 
It’s just one of three reasons why Bundy se leads in the 
modern art of mass-fabrication. 


Bundyweld Tubing» is copper-brazed to stay /eak- 
proof by test. It stands up through brutal shock and 
punishing vibration . . . still handles high-pressure 
hydraulics with perfect safety. No wonder Bundyweld 
is used on 95% of today’s cars, in an average of 20 
applications each. 


BUNDY TUBING COMPANY 


Free design service is yours at Bundy. Engineers 
famous for solving tricky tubing problems will work 
with you at any stage in the creation of a product; 
help you get parts at lowest unit cost. 


Expert fabrication service is another Bundy specialty. 
From multiple-bend fuel lines to tiny oiler tubes, 
skilled technicians will turn out parts to your specifi- 
cations; deliver them on time, ready to use. 

Find out how it pays to check first with Bundy on 
any tubing problem. Call, write or wire us today! - 


DETROIT 14, MICHIGAN 


WORLD'S LARGEST PRODUCER OF SMALL-DIAMETER TUBING «+ AFFILIATED PLANTS IN AUSTRALIA, ENGLAND, FRANCE, GERMANY, AND ITALY 


There’s no real substitute for 


BUNDYWELD. TUBING 


Bundyweld end Bundy specialty tubings are sold through distributors in principal cities 
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VM a ey Mem eT Cee HUE TUC) 
provides safe braking of heavy vehicles 
EM eT UCU LOU Cats 


With the 


WAGNER ROTARY AIR COMPRESSOR 


..» POWER CLUSTER 
--- FOOT VALVE 


You give your customers the advantages 
of passenger car hydraulic braking systems. 


© SINGLE ACTION BRAKE APPLICATION 


(eliminates uncertain two-stage feel) 


© LOW PEDAL OR TREADLE 


© FAST APPLICATION AND RELEASE OF 
BRAKING PRESSURE DUE TO HIGH CAPACITY 


APPLICATION VALVE. 


With 35 years of experience in manufac- 
turing braking systems, Wagner is the only 
manufacturer producing all of the air and 
hydraulic components necessary for a com- 
plete air-over-hydraulic power brake system. 
The vehicles you manufacture will be safer 
when they are equipped with Wagner Air 
Brake Systems—the systems with the 
Rotary Compressors. 


wnse-o 4 Wagner Electric 


Get the whole story on Wagner Air-Over- 
Hydraulic Systems—first in economy, 
reliability and safety. 

SEND FOR CATALOG KU-201. It points out 
the many advantages you gain with Wagner 
Air-Over-Hydraulic actuation on all your 
vehicles equipped with hydraulic founda- 
tion brakes. 


ation 


6378 PLYMOUTH AVENUE, ST. LOUIS 14, MO., U.S. A. 
(Branches im princi pal cities in U.S. ond in Canede) 


AIR BRAKE 
-ENIIPMENT 
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New Ideas Cut Shipping Costs with Bridgeport Aluminum 


Also, Bridgeport—as a completely integrated facility— 
offers undivided responsibility and attention on every 
order, from initial design to final delivery. 

Add to this, Bridgeport’s design and engineering cooper- 
ation which is especially geared to the requirements of the 
truck and trailer industry in supplying standard shapes, 
without die charge, or special shapes for special needs. 


These two new forms of transport are ingenious time- and 
money-saving ideas . ,. and Bridgeport Aluminum Extru- 
sions help make their design and efficiency possible. For 
higher payloads, strength must go hand-in-hand with 
lightness and maximum cubic space. That’s just what 
Bridgeport Aluminum offers . . . and that’s not all! 
Bridgeport extrusions are supplied with close dimen- 
sional tolerances and excellent surface finish, designed to 
assure perfect, easier fits and lower fabricating costs. 


For the vouy newest im, 
BRIDGEPORT. ALUMINUM 


Aluminum Extrusions and Forging Facilities at Adrian, Michigan + Bridgeport Brass Company, Aluminum Division, Bridgeport 2, Conn. 
Sales Offices in Principal Cities 


For full information, call your nearest Bridgeport Sales Office. 
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R/M TEFLON* hose withstands heat, 
pressure and vibration in air brake systems 


When the air brake compressor is 
mounted on a truck engine, the line 
must be guarded against breakage from 
vibration by a flexible coupling be- 
tween the compressor and the copper 
tubing which carries the air to the 
brake system. Raybestos-Manhattan 
Wire-Braid Covered “Teflon” Hose 
is ideal in such a case . . . is specified 
by leading truck manufacturers be- 
cause of its unique chemical, electrical 
and physical characteristics. 


“Teflon” is chemically inert . . . im- 
mune to corrosion by the new fuels, 
lubricating oils, and hydraulic fluids. 
It is flexible and does not expand, con- 
tract or fatigue. Low coefficient of fric- 
tion minimizes pressure drop in fluid 
systems. It functions in continuous 
service at temperatures from —100° to 
+400°F. 

R/M has pioneered in exploring 
many new uses for “Teflon” in auto- 
motive and aircraft construction. Our 
research and testing laboratories and 
complete manufacturing facilities are 
yours to command in developing and 
producing specialized “Teflon” ele- 
ments for your products. 


*A DuPont trademark 


Other R/M “Teflon” prod- 
ucts of interest to your 
industry include rods, 
sheets, tubes and tape; 
centerless ground rods held 
to very close tolerances; 
stress-relieved molded rods 
and tubes; parts painstak- 
ingly machined to your 
specifications. Our mechan- 
ical grade of “Teflon”— 
Raylon—has many virgin 
“Teflon” characteristics. 


RAYBESTOS-MANHATTAN, INC. 


PLASTIC PRODUCTS DIVISION FACTORIES: MANHEIM, PA.; PARAMOUNT, CALIF. 


Contact your nearest R/M district office listed below for more information or write to Plastic Products Division, Raybestos-Manhattan, Inc., Manheim, Pa; 
BIRMINGHAM 1 « CHICAGO 31 « CLEVELAND 16 « DALLAS 26 « DENVER 16 « DETROIT2 « HOUSTON 1 « LOS ANGELES 58 « MINNEAPOLIS 16 
NEW ORLEANS 17 « PASSAIC « PHILADELPHIA 3 « PITTSBURGH 22 « SAN FRANCISCO 5 « SEATTLE 4 « PETERBOROUGH, ONTARIO, CANADA 


RAYBESTOS-MANHATTAN, INC., Engineered Plastics + Asbestos Textiles « 


Mechanical Packings « 


industrial Rubber « Sintered Metal Products « Rubber Covered Equipment 


Abrasive and Diamond Wheels + Brake Linings « Brake Blocks « Clutch Facings * Laundry Pads and Covers « Industrial Adhesives + Bowling Balls 
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SF IROVEL__. 
IN GROUND SUPPORT EQUIPMENT 


CONTINENTAL 
PACKETTE POW 


ae 


bt hg of 


<==5 


¥* Ground support equipment built around Packette power 
is proving itself today on defense installations all over the 
free world. 

Developed by Continental Motors, with the famous 
Continental air-cooled aircraft engines as their basis, these 
five Military Standard models (Mil. E6449-A) range from 30 
to 250 horsepower, combine compactness and light weight 
with ease of servicing and upkeep, and operate at any 
temperature from equatorial heat to polar cold. Of special 
interest and importance, as simplifying maintenance in the 
field, is the wide interchangeability of parts among the 
several Packettes, and between them and the models in 
the Continental aircraft engine line. 

They’re use-proved NOW in air conditioners, com- 
pressors, crash trucks, generators, test stands, refuelers, 
heaters, blowers, Rollagons, multi-purpose tugs and other 
applications. Experience is proving: IF THE APPLICATION 
FALLS WITHIN THEIR POWER RANGE, NO OTHER ENGINE 
WILL DO THE JOB SO WELL. 


WRITE FOR COMPLETE INFORMATION 
Lontinenta/ Motors [orporation 





Spiral Bevel.... 
Hypoid Bevel... 
Zerol* Bevel 
Straight Bevel... 
Coniflex* Bevel... 
Flywheel Ring 


Straight Spur 
Spur & Helical... 
Spline Shafts 


Straight & Spiral 
Angular Bevel.... 


Assemblies 


write > 


(on your letter 


IS THE ANSWER TO YOUR GEAR 
PROBLEM IN THIS NEW 44-PAGE CATALOG? 


roa 10 gear types in which we aioe are comprehensively 
red together pei ‘vital statistics” r 44 = ars of gear 
medial zation. Our gear engineers are a sila ble for consultation. 





New Super Rayon Tire Cord 
far Superior in Heat Resistance! 


COMPARATIVE STRENGTH RETENTION 
AT HIGH TEMPERATURES 
RAYON TIRE CORD MH OTHER TIRE CORD 


87% 
a 84%, 
77% 
65% 68% 
54% eet 
38% | 


150°F 250°F 350°F 450°F 500°F 
THE OTHER TIRE CORD MELTS HERE 


Extensive testing has conclusively proved that the 
strength characteristics of Super Rayon Tire Cord are 
far better than other tire cord under conditions of 
elevated temperatures. 


It is evident that a comparison of cord strengths at room 
temperatures has no practical meaning. Rather, it is 
actual driving temperatures that provide the true test. 


It has recently been demonstrated that Super Rayon 
Cord not only withstands heat better, but even at 
temperatures where the other cord melts, it retains over 
50% of its original strength. Instead of expanding, con- 
tracting, and softening, as does the other cord, it remains 
stable. That is the reason why tires made with Super 
Rayon Cord outwear tires of the other cord by thousands 
of miles . . . why experts agree they are by far America’s 
best tire value. 


EVEN RIM PAINT BLISTERED 
IN RUGGED IMPACT TESTS... 
BUT SUPER RAYON CORD 
TIRES WERE UNDAMAGED! 


Rayon cords in the modern tire can withstand impact as 
well as severe heat. This was proved during tests by 
Motor Vehicle Research, Inc. Data collected showed 
Super Rayon Cord Tires safely withstood high speed 
impacts (against granite blocks at 60 m.p.h.) at temper- 
atures that would turn water into steam. 


The stability of Super Rayon Cord under heat means 
longer tire mileage. In fact, tests prove that Super Rayon 
Cord Tires give a tread life bonus of 14% to 26%. 


No annoying flat spots in Super Rayon Cord Tires. 
The other cord expands under heat...and cannot 
return to normal condition when at rest, because of 
weight of car. Therefore, tire bottom remains flat until 
use kneads out the abnormality. 


SUPER RAYON TIRE CORD 


For more detailed information write: AMERICAN VISCOSE CORPORATION °* 350 Fifth Avenue, New York 1, N.Y. 
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Geared by 


FULLER... 


Texas Dairy specifies R-96 


ROADRANGER® Transmissions 


When Milkhouse Cheese Corpora- 
tion of San Antonio, Texas, purchased 
new Kenworth tractors recently, the 
firm specified Cab-Over-Engine 
Model 825’s with Fuller R-96 Roap- 
RANGER Transmissions. 

The all-aluminum 73-inch sleeper- 
cab tractors like the unit shown here, 
have a chassis weight of 12,790 
pounds. Powered with 210 horse- 
power Cummins NHB diesel engines, 
these units have a payload capacity of 
36,000 pounds. 

Lou and Hyman Bernstein, presi- 
dent and vice-president of the firm, 
respectively, selected these custom- 
engineered Kenworths, with the 10- 
speed semi-automatic ROADRANGERS, 
for long hauls of frozen commodities 
from the Rio Grande country to the 
Midwest. These same tractor-trailer 
combinations haul the Bernsteins’ 
own dairy products from Wisconsin 
for distribution in Texas. 


Fuller ROADRANGER Transmissions 
give Milkhouse Cheese Corporation: 


@ Easier, quicker shifts—28% steps be- 
tween ratios 


@ One shift lever controls all 10 for- 
ward and 2 reverse speeds 


@ No gear splitting—10 selective gear 
ratios are evenly and progressively 
spaced 

@ Engines operate in peak hp range 
with greater fuel economy 


@ Less driver fatigue—'s less shifting 


@ Range shifts pre-selected—automatic 
and synchronized 


@ Compact space-and-weight-saving 
economies—the most compact 10- 
speed transmission available 


@ Transmission weight under the cab— 
permitting more cargo to be carried 
on the payload axles 


Get full facts on Fuller RoADRANGER 
Transmissions from your truck manu- 
facturer or truck dealer now! 


Fuller R-96 ROADRANGER 
Transmission 





July 31, 1958 


RE 
“ALUMINUM VERSION” 
ENGINES. 


IN THE HERRMANN RECIPROCATING ENGINE THE 
USE OF ALUMINUM AND MAGNESIUM ARE POSSIBLE BECAUSE 
NEARLY ALL OF THE FORCES THAT CAUSE MAJOR DETE- 
RIORATION ARE ELIMINATED NEAR THEIR SOURCE OR OFF- 
SET TO A VERY SUBSTANTIAL EXTENT. 


OUR AVIATION ENGINE HAS BEEN THOROUGHLY 
TESTED AND APPROVED BY THE CIVIL AERONAUTICS 
ADMINISTRATION FOR HELICOPTERS AND AIRPLANES AND 
IS NOW EEING FLIGHT TESTED. 


WE ARE NOW WORKING ON THE APPLICATION OF 
THIS ENGINE FOR TRUCKS TO DEVELOP 250 HORSE POWER 
AND WEIGH 250 POUNDS. THIS WEIGHT INCLUDES IGNI- 
TION DISTRIEUTORS AND CARBURETORS. 


RECIPROCAL FORCES WASH OUT BEFORE REACH- 
ING SHAFT, BEARINGS OR HOUSING. GAS PRESSURES 
ARE FROM OPPOSITE DIRECTIONS AND ONLY THE RESULT- 
ANT REACHES THE SHAFT ETC. 


THE ENGINE IS IN PERFECT BALANCE AND DOES 
NOT REQUIRE VIPRATION DAMPERS AND COUNTERWEIGHTS. 


IT HAS ALMOST COMPLETE UNIFORM TORQUE. 
ONE ORGANIZATION CALLS IT "ELECTRIC MOTOR TORQUE". 


FOR DEMONSTRATION AND DETAILED INFORMA- 
TION CONTACT, 


KARL L. HERRMANN, 


Consultant, 
1405 AIR-WAY, 
GLENDALE 1, CALIFORNIA 
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In today's bigger two-cycle 
engines, heavier loads at high 
speeds are being handled by 
these Torrington Bearings: 


Drawn Cup 
Roller Bearings 
on crankshaft 


What’s new in two-cycle engines? 


Today’s improved performance and increased power made possible by 
recent developments in Torrington Bearings! 

In this schematic drawing of a typical two-cycle engine, a Torrington oe Full Complement 
Drawn Cup Roller Bearing and a special Torrington Heavy Duty  Meote a 
Roller Bearing provide several improvements in the crankshaft mount- — se 
ing. Shaft-riding retainers guide the rollers at the pitch line and provide 
ample lubricant circulation. Positive roller guidance insures correct 
bearing performance despite shaft deflection. Split center bearing on 
crankshaft features a fractured outer race for positive location of the 
race halves. 

Full complement Torrington Needle Bearings and Needle Roller eal 
assemblies with crankpin ends complete the compact, high-capacity ends 
design to; insure long, trouble-free service life. To secure the advan- 
tages of modern Needle Bearing design in your application, consult 
Torrington’s engineering department. The Torrington Company, Tor- 
rington, Conn.—and South Bend 21, Ind. 


Fractured outer 
race for center 
main on 


TORRINGTON BEARINGS crankshaft 


District Offices and Distributors in Principal Cities of United States and Canada 
3 
NEEDLE + TAPERED ROLLER + SPHERICAL ROLLER + CYLINDRICAL ROLLER + BALL + NEEDLE ROLLERS + THRUST 
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= 
EW \TUNG-SOL 


EAV Y 
DUTY 
FLASHER 


Wi 


...duilt with 
twice fhe [life 


of other types 


For trucks, tractor-trailers, buses, taxis, boat 
and car trailers. passenger cars 


Tung-Sol engineers have incorporated in this new heavy duty 
flasher all of the sought-after characteristics for fleet applica- 
tion—longer life, flexibility and lower maintenance costs. 


The new Tung-Sol heavy duty flasher has a service-rated 
life of twice that of any other type. It can be used to flash one 
to six lights without a perceptible change in the flashing rate. 
It delivers an instantaneous four-lamp emergency warning 
and it will replace 95% of the flashers now in use. This new 
flasher will provide more positive action and greater dependa- 
bility. Made in the universal form, it can be used in either a 
plug-in or screw terminal installation. Electroswitch Division, 
Tung-Sol Electric Inc., Newark 4, N. J. 6 and 12-Volt Types 


6-Volt—#535 flashes from one to six 
2lcp lamps 


® e 
fe a —_ Fi rst oe flashes from one to six 
° cp or 82cp lamps 
in Flashers 
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New design in Sigma 


Here is a new, lightweight torch—only 16 
ounces—for manually welding light-gage 
steels. Sigma ST-2 welds in all positions with 
no change in control or current settings. Welds 
.030- to .100-in. sheet, using low-voltage short- 
are technique with .020- and .030-in. hard- 
drawn wire. For 200 amp continuous service, 
a-c or d-c. 

Balanced design makes handling easy. Serv- 
ice lines enter through rear of handle—a con- 
venience in cramped quarters. Start-stop 
switch on handle, easy to reach. Nozzle has a 
60° curve for maximum weld visibility. 

Sigma ST-2 makes high-quality welds at 
high speed. Seams require no cleaning . . . dis- 


hand welding torches 


tortion is at a minimum. Inert gas shielding 
is economical. Low flow rate—only 10 cu. ft. 
or less per hour—means even more savings. 

Call your nearest LINDE office today for a 
demonstration of this new Sigma ST-2 torch ! 
Or write Dept. SAY. LinpE Company, Division 
of Union Carbide Corporation, 30 East 42nd 
Street, New York 17, N.Y. Offices in other 
principal cities. In Canada: Linde Company, 
Division of Union Carbide Canada Limited. 


UNION 


inde 


CARBIDE 


TRADE-MARK 


“Linde”’ and ‘Union Carbide” are registered trade-marks of Union Carbide Corporation. 
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in 1908—the CHICAGO FIRE DEPT. 
—then as now— was up-to-the- 
minute with Waukesha Engine 
powered equipment. 


KAUKMESHA 
Dampot ENGINES 


Where the pay-off is on pay-load—in fast out the power, Waukeshas pull-and-pay day 
cross country service...off the highway...or | after day without faltering or breakdown. 
extra heavy duty hauling—you'll make more Send for Bulletins 


miles and cut costs too, with these modern WAUKESHA MOTOR COMPANY «+ WAUKESHA, WIS. 
Waukesha truckers’ engines. Designed to put = ° Tula « 


| 


148-DKBS Turbocharged 
. Diesel, 5'’4 x 6 inch bore 


1 stroke, 779 


4 


WAKB Gasoline or LP Gas, 


x 6% inch bore and 
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a 
STEM TURBINE 


Hea NIGEL Les 


COOPER- 
BESSEMER 


For changing lateral motion or power to vertical or transverse . 
: : emale threaded rod 
motion, many rod assembly designs are used. Some of the fac- \ with adjustable male 
. . . Aw) u 
tors which influence the design of a push-pull rod assembly are: bearing 


Load — compression, tension, or vibration. ~ —p— \, Male threaded rod 
Length — as it affects column strength. Mh iia mele unloal rod end 


Space allotted — envelope dimensions. _— 

End fittings — method of attachment to adjacent operating Because of the universal motion of the single ball, 

units. the Heim Unibal Bearing has the ability to correct 

The majority of rods used in linkages have male threaded ends oak of ere mneaigament m alt Grections. 

to which an adjustable rod end bearing is attached. The rods may Assembly is quick and simple. Greater load ratings 

also be female threaded with a Heim Unibal male rod end bear- fF Substantially smaller dimensions are attained. 

ing. This type of assembly presents some advantages in that the Many leading manufacturers of equipment requiring 

smallest diameter of the Unibal may be closer to the point of push-pull linkages depend on Heim Unibal. 

attachment. Call or write now for engineering advice and complete 
See illustration of both methods. catalog. Also list of distributors and representatives. 


THE HEIM COMPANY FAIRFIELD, CONN. 


For Prompt Service, contact any one of our more than 150 distributing points across the country. 
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TRY IPC 
THIN SEALS 


In a limited space application the 
seal has to be good. Both pressure 
and temperature can demand 
more from your seal when the 
opening is smaller . . . less room 
means the seal itself has to be 
made to closer tolerances . . . and 
it must stand up after repeated 
usage. 

IPC “thin seals” combine the 
ultimate in custom compounds 
with the finest steels. Add IPC’s 
bonding experience — and both 
compound and: case are perma- 
nently joined. Result? . . . better 
service than can be found with 
other types of thin seals. 


Remember . . . when the open- 
ing is closing . . . your IPC en- 
gineer will be happy to help you 
solve your sealing problem. Why 
not tell us your 
trouble spots, to- PAN 


day? iPS: 
P| es 
wer 


OIL SEALS / O-RINGS / PACKINGS 


INTERNATIONAL PACKINGS’ - 02° 0%ation 


Bristol, New Hampshire PS 
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Where constant capacity 


of equipment counts most... 


pes 


CONSTANT CAPACITY CLUTCH 


Simplicity is the key characteristic of this clutch. No 
vastly complicated power trains to deadline equipment for 
days or weeks . . . no $200 tear-downs to replace a $2 part. 

Based on an unique application of the toggle principle, 
the TC gives you full torque capacity for the entire life of 
the friction material! It compensates for fading pressure of 
expanding springs . . . never loses torque capacity while 
there is a reasonable amount of friction material left to 
hold. Rugged linkage construction within the clutch in- 
sures long life, parallelism, and smooth engagement. 

The high thermal capacity of the TC is provided by the 
massive plate, ribbed for rapid radiation and cooled by 
effective currents of air. Internal cooling protects springs 
from overheating and loss of temper. 


Zea 


Lipe TC Constont Capacity Clutches 
available in 1512” and 17” Single 
and Double Plate Sizes—torque co- 
pacity ronge of 715 to 3700 ft. Ibs. 


Since the automatically compensated pressure eliminates 
the need for frequent adjustment, the TC has proved one 
of the least costly of all heavy duty clutches to maintain. 
A periodic check of clutch pedal “free travel” is all that is 
required to keep constant tabs on adjustment. 

The engagement, of the TC is gentle, chatter-free, “soft,” 
— easy on driveline components — assures less down-time, 
longer life, and lower overall cost per hour of operation. 


WRITE for specifications and performance data, proving 
the TC Constant Capacity Clutch can maintain the constant 
capacity of your equipment! 


MANUFACTURERS OF AUTOMOTIVE CLUTCHES AND MACHINE TOOLS 
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~ HYDRAULIC POWER § 


HYD} RAL LON 


IT’S BENDIX-LAKESHORE FOR COMPLETE 
HYDRAULIC ENGINEERING AND MANUFACTURING 


— Automotive or Agricultural — 


Whatever your needs in agricultural 
or automotive hydraulic components, 
you'll be wise to look first to Bendix- 
Lakeshore. One of the newest and 
most modern divisions of the great 
Bendix Aviation Corporation, Bendix- 
Lakeshore is geared to provide you 
with fast, efficient service on any 
product, whether it’s designed by 
our own skilled engineering staff or 
produced here from your design. 


Despite being a comparatively new 


division, Lakeshore is old in experi- 
ence. Backed by the great resources 
of Bendix Aviation Corporation, it 
is staffed in large part by engineers 
who have spent an aggregate of hun- 
dreds of years in hydraulic research 
and design, both with Bendix* and 
other firms. Solid engineering research 
and extensive testing are standard 
procedure with us. When you order 
hydraulic components from Bendix- 
Lakeshore, you get the benefit of 


complete engineering facilities. 
Bendix-Lakeshore’s reputation for 
quality in the field of hydraulic com- 
ponents has helped us acquire, in the 
space of five years, a list of customers 
whose standards are beyond question. 
Remember, if you have a problem in 
engineering or manufacturing of auto- 
motive or agricultural hydraulic com- 
ponents, it will pay you to investigate 
the facilities and abilities of Bendix- 


Lakeshore in these specialized fields. 
*TRADEMARK 


Lakeshore Division we 
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NOW! 
CONTINUOUS, FULL 
POWER TURBOCHARGING 


AiResearch control system 


keeps turbocharger output at 


ideal lievel 


Accurate control of turbocharger 
speed over its complete range 
regardless of changing load 
characteristics has been achieved 
with the new AiResearch Turbo- 
charger Control System. This auto- 
matic control system delivers more 
air to the engine when needed and 
greatly increases torque rise, giv- 
ing turbocharged diesel engines 
greater lugging ability when oper- 
ating under heavy loads. By con- 
trast, free-floating turbochargers 
operate at reduced RPM when 
the engine is working at below- 
maximum engine speed. 

This improved air delivery sys- 


tem greatly increases the accelera- 
tion, for example, of turbocharged 
diesel trucks up steep grades. In a 
typical case, the round-trip time of 
a trucking company operating 
between Phoenix and Denver was 
cut from 48 hours to 42 hours. Over 
short hauls an off-the-road truck 
cut its 27-minute round-trip time 
to 18 minutes. Comparable gains 
are made for all types of turbo- 
charged diesel equipment, station- 
ary or mobile. 

The two components of the new 
control system are a pressure ratio 
sensor and an exhaust by-pass 
valve. They control the speed of 


CONTROLLED TURBOCHARGER 
FREE-FLOATING TURBOCHARGER 
CONTROL TAKES OVER 
BLOWER PRESSURE 
RATIO 


———— TURBO SPEED 
— 


BME? 
SPECIFIC FUEL 
CONSUMPTION 


LE  —— ENGINE SPEED —— max 
Improved performance characteristics 
of a typical turbocharged diesel engine 
equipped with the new AiResearch 
Turbocharger Control System. 


exhaust-driven turbochargers by 
modulating the amount of engine 
exhaust used. This eliminates over- 
speeding of the turboblower, and 
at the same time provides higher 
turboblower speed while lugging. 
Smoking is virtually eliminated 
under all conditions. 
Your inquiries are invited. 


AiResearch Industrial Division 


9225 South Aviation Blvd., Los Angeles 45, California 


DESIGNERS AND MANUFACTURERS OF TURBOCHARGERS AND SPECIALIZED INDUSTRIAL PRODUCTS 
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What Are Your Special Universal 


Joint Requirements? 


Anything from a heavy duty close coupled 
double universal joint like the one pictured 


above to a small power take-off joint (shown Cleveland Steel Products Corporation 
below) is right down “Cleveland’s”’ alley. 


Limited joint length and diameter can prob- 
ably be met with standard “Cleveland” com- 16025 Brookpark Road + Cleveland 11, Ohio 


ponents—and at a substantial saving to you. Masnfatesns ot 


cel 
—— 


Autometive Division 


Look to “Cleveland” for propeller shaft Universal Joints - Propeller Shafts 


and universal joint requirements. We've been and Power Take-Off Joints 
suppliers to the automotive and allied indus- 
tries since 1912. 
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OCTET Tee, Cote ———ae 
Self-Aligning Bearings | i VELLUMO|] D 


-@ ae 
| | VELLUMOID 
ao 


MATERIALS... 


for that perfect seal! 


Carefully considered gasket appli- 
cations demand the right gasket 


ANALYSIS RECOMMENDED USE 


Stainless Steel For types operating under high temper- 
Ball and Race {recy tg 200 deren Fhe 


Chrome Moly {5s 
Stecl Bollard Roce Luitimsehe loads 13000-89300 


Bronze R For types operating under normal loads 
Chrome Mely Sel Ball with taal minimum friction requirements. 


Thousands in use. Backed by years of service life. Wide variety 
of Plain Types in bore sizes 3/16” to 6” Dia. Rod end types in 
similar size range with externally or internally threaded shanks. 
Our Engineers welcome an opportunity of studying individual 
requirements and prescribing a type or types which will serve 
under your demanding conditions. Southwest can design special 
types to fit individual specifications. As a result of thorough 
study of different operating conditions, various steel alloys 


have been used to meet specific needs. Write for revised Engi- THE VELLUMOID COMPANY 


neering Manual describing complete line. SAE 58 | Worcester, Massachusetts 


SOUTHWEST PRODUCTS CO. 


1705 SO. MOUNTAIN AVE., MONROVIA, CALIFORNIA 


“@ALMASTER RING SE} 


WITH THE NEW HEPOCROM™ chromium plated oil control ring 


The NEW OILMASTER RING SET really does reduce oil consumption in partially 
worn engines, and will give new car performance. The basic ring, the NEW 
HEPOCROM Oil Control Ring, consists of two high tensile rails, chromium 
plated on the periphery, an inert cast iron spacer ring and a spring expander. 
NEW HEPOCROM Rings are efficient in use, easy to fit and there are no 
angles, tapers or special joints to worry you. New Oilmaster Sets open up 

new markets. There is the private motorist who knows he is using too much { 

oil and is not getting peak performance, and also the motorist who cannot J 
afford an expensive rebore job. In both cases a New Oilmaster Set is 

the answer. , 


a 
. Look to Vellumoid for both | 
pepatat engineering assistance and a wide 
range of proven materials. Py 
The Vel'umoid Company offers 
you 50 years of eccumu'ated know- 
how in solving gasket problems. 
Our Sales Engineer is glad to work 
with your engineering groups. 
We'll furnish samples for testing 
on your applications. 
od 


Manufactured by HEPWORTH & GRANDAGE, BRADFORD, YORKS, ENGLAND 
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no. 5 
OF A SERIES 


Safeguarding lives is the aim of Oldsmobile’s new 
electronic headlamp aiming device that makes 
sure every Oldsmobile has perfect “see-ability”. 


Night driving safety depends upon how precisely head- 
lamps are aimed. Minute errors in adjustment can mean 
the difference of several square feet in light area on the 
road. To be completely on the “safe side”, Oldsmobile 
aiming standards specify that lights be aimed twice as 
accurately as required by state laws. 


To make certain that every light is aimed perfectly, 
Oldsmobile engineers developed an ingenious electronic 
device that effectively measures light intensity and direc- 
tion, even at Oldsmobile’s highest production rate. 


On the assembly line, every car is automatically shuttled 
to the aiming platform where two probes rise out of the 
floor and “feel” the exact location of the car. The “eyes” 


LIGHTING YOUR WAY TO A SAFER FUTURE 


of the aiming device then align themselves with the 
centerline of the car. A series of photoelectric cells in- 
stantly record the light intensity and direction on large 
dials. A built-in scanning circuit then inspects all set- 
tings of the headlamps to make certain they are accurate. 
If there is an error, a colored soap solution is automati- 
cally sprayed on the windshield, and the headlamps are 
re-aimed. 


Oldsmobile takes pride in producing an automobile as 
advanced in every respect as modern technology can 
make it. However, you owe it to yourself to have your 
headlamps periodically checked. As part of General 
Motors’ public-spirited “Aim to Live” program, your 
Oldsmobile Dealer is featuring headlamp aiming, as 
well as other important safety services for you. Stop in 
soon ... and while you are there, take a test drive in a 
new Olds—sales leader of the medium price class. 
OLDSMOBILE DIVISION, GENERAL MOTORS CORP 


Pioneer in Progressive Engineering 
...-Famous for Quality Manufacturing 


OLDSMOBILE > 
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Look to AC “Guidance” 


for electronic controls 


in tomorrow’s cars! 


AC experience in the engineering development 
and production of inertial guidance systems for 
missiles is now being applied to automotive 
controls. AC is well along in this work. Today, 
both in hardware and on the drawing boards, 
we can show you advanced electronic control 
components for automotive use. They reflect 
AC experience with missile guidance, naviga- 
tional computers, radio-telephone installations 


and with jet and turboprop engine controls. 


We invite you to see what we have today. We 
will tell you everything we can about com- 
ponents we plan for tomorrow's cars. If you 
have an idea that is not wholly worked out, AC 
has the staff and the willingness to cooperate. 


Just call or write any of these three offices— 


Flint—1300 North Dort Highway 
CEdar 4-561! 


Detroit— General Motors Building Chicago—7074 N. Western Avenve 
TRinity 4-2630 Rogers Park 4-9600 


AC SPARK PLUG @& THE ELECTRONICS 
DIVISION OF GENERAL MOTORS 








For missile ground support applications this 
compact new Janitrol liquid heater delivers heat 
up to a rate of 1 million Btu/hr. A complete 
variable output heating system, it automatically 
maintains liquid at any desired temperature . . . 
reliably. 

This 257 pound package is ideally suited to 
such applications as heating missile fuel during 
storage and transfer, vaporizing liquids, and in 
a wide variety of support vehicles and buildings. 
For both material and personnel comfort heating 
the new Janitrol liquid heater is a simple, trouble- 
free way to get large quantities of controlled heat. 

Heater burns either diesel fuel, gasoline, or 
JP-4, and can be converted with a simple adjust- 
ment. Radio noise shielding meets military specifi- 
cations. It will operate in extreme environments 
to —65°F. 

Janitrol’s new liquid heaters may be used 
individually, or in multiples to meet virtually any 
heat requirement. 

Wherever heat is needed in missile support 
equipment Janitrol may already have what you 
need. Contact your Janitrol representative now 
for the full story on liquid heaters. Janitrol Air- 
craft Division, Surface Combustion Corporation, 
Columbus 16, Ohio. 


1. fuel transfer 


FAI IT FROL. 


pneumatic controls - duct couplings & supports - heat exchangers 
combustion equipment for aircraft, missiles, ground support 
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Check these 
features of 


Spicer 


CLUTCHES 


For Automotive, 
Agricultural, and 
Industrial use 


UNITIZED ASSEMBLY . . . Spicer Clutches are delivered 
ready for hook-up to the pedal linkage, complete 
with bearing, bearing housing and guide. No further 
engineering or purchasing of additional parts is 
necessary. 


LIFETIME DURABILITY . . . Spicer design eliminates con- 
tact between the pressure springs and pressure plate 
— springs won’t take a set or lose their pressure 
due to heat. 


ANTI-FRICTION DESIGN . . . Reduced friction, due to CERAMIC 
knife-edge design of the fulcrum points, reduces 
pedal pressure . . . provides chatter-free operation TYPE 


in both forward and reverse. FACING 


BUILT-IN PARALLELISM . . . Contact surfaces are per- 
manently and accurately parallel. This feature in- 
sures uniform pressure around the pressure plate — Latest type ceramic facings offer the follow- 


regardless of wear — and eliminates the possibility ing advantages for heavy-duty applications 


f cocking. 
G & e high coefficient of friction « little or no 


OTHER SPICER FEATURES . . . insure smooth pick-up 
... prevent bearing face wear .. . aid fast, easy fade « less pedal effort « longer wear due 
adjustment. All parts are individually balanced. to high heat resistance. 


DANA CORPORATION «¢ Toledo 1, Ohio 


DANA PRODUCTS Serve Many Fields: 


AUTOMOTIVE: Transmissions, Universal Joints, Pro- RAILROAD: Transmissions, Universal Joints, 
peller Shafts, Axles, Powr-Lok Differentials, Torque Propeller Shafts, Generator Drives, Rail Car 
Converters, Gear Boxes, Power Take-Offs, Power Drives, Pressed Steel Parts, Traction Motor 
Take-Off Joints, Clutches, Frames, Forgings, Stamp- Drives, Forgings, Stampings. 
t bs . . 
INDUSTRIAL VEHICLES AND EQUIPMENT: Transmis- SORE Setema Sat. Bandie 
sions, Universal Joints, Propeller Shafts, Axles, Gear es ts, Axles, Power Take-Offs, Power Take- 
Boxes, Clutches, Forgings, Stampings Off Joints, Clutches, Forgings, Stampings. 
AVIATION: Universa Joints, Propeller Shafts, Axles, MARINE: Universal Joints, Propeller Shafts, 
Gears, Forgings, Stampings. Gear Boxes, Forgings, Stampings. 

Many of these products manufactured in Canada by Hayes Steel Products Lid., Merritton, Ont. 





H 9 h . b GEE Timken bearing price index 
es ow weve Deen (7 Timken Company labor cost index 


saving you money ms mm iron and Steel prices* 
@@e@ Metal and metal products* 


The chart at right shows costs climbing a 
ome Posseng 


up, up, up. But not the cost of Timken® 
: 2 *B.L.S. wholesale prices, Bose — October, 1950=100 
tapered roller bearings for automobiles. 
It’s stayed down. And the auto industry 
helped keep it there by standardizing on 
the new Timken bearing sizes made in a 
revolutionary new bearing plant—a plant 
that has everybody talking. (See recent 


trade articles.) 


1950 1951 1952 1953 1954 1955 1956 1957 


TOTAL VEHICLE COST OF PINION, DIFFERENTIAL, REAR WHEEL AND FRONT WHEEL BEARINGS 


Here’s how you can 
keep on saving 


Here’s part of the unique bearing plant 
that can turn out 30 million new design 
Timken bearings a year without a hand 
touching them. This extraordinary plant 
can keep your bearing costs down if you: 
1) standardize on still fewer bearing 
sizes to help us make even longer pro- 
duction runs; 2) use more Timken bear- 
ings and keep cost-saving production 
going full-tilt. The Timken Roller Bear- 
ing Company, Canton 6, Ohio. Canadian 
plant: St. Thomas, Ontario. Cable ad- 


dress: ““Timrosco”’. 


WITH STANDARDIZATION... I 


TRADE-MARK REG. U. S. PAT. OFF. 


TAPERED ROLLER BEARINGS 





